
���������
	�� 
�������	����������
��������	��! "� 
�#$
%��&('*)
� + 
�	�,-�.)

�/�0
�'1� + �
�2&3�4�5
�	��6� � �7&(���8# 9:�
	��7; <�'����2&(�>= ?(
�� �$�1'@�8A 9B	C�
�

� �0�>&('>DE� �F#$
��G#H'�?I&(	�'�J��K&('6�
�8?

L0MONQPCRSMUTWVYX(Z\[]M_^`NQacb

d NQecf(ghei[SjkVFNml�RSMUn�^(R`XpoCq`r
s NQlt[]MUnvuwNQ^�nKRSx-y�n:[EnvghaUnvgheQa
z ^(g|{INmM_a_g}n~T�RSx�Z\[SaOf(g�^`PSnvRC^

� [EMve:f��]�7�]�C�(�

�*�������U�U�������k���������6�0���H�w�3�:�U���B���m��� �U�6¡%¢`�£�O¤¥��� ����¦��0�U�B���t��§¨�U����������¡ª©�«B¬����$�®­£�U¯m�U­ª�t�6� �6����¦>°
�U�B�5±���²U�6­£�U§m¤¥�6�v��¡G³K´5µU¶U·�¸~¹�ºUº¼»�¡�½¾�U� � �����¿©S�O���v���t�O�U�À¡Á�����U� �O�À¡��`Â ¸O·UÃ~»O¸c¡ÅÄÆ½�¹|¤%�U��­ÈÇ �U���¼¹
�U�U��� � É`�������6�>Ê��U���U� �O�À�Ë§B«B¬����@�Ì¦¼�O¤-Í>�!Ât°B���-���6� �6����¦>°GÉ3�U�2��Î�§B§¨�U��� �6�Ï���Ï§m�����p¯v�ÏÐtÑÓÒ®Ô~ÐtÑÓÕtÑÓ±������U�v�
�����8Ö×Â7ÃU¶×Õ7Ñ�¸_Ø1»_Ö�¸~¹|¸OÙ:¡(Ð7Ñ�ÒÚ�����U�_�¥�����$º�©3Û�º2�`Õ®Ø�·~»_·U·:¡¾Ð7Ñ�ÒÚ���>�U�_�¥�����$º-©`Û�º2�`Õ�Ø�·~»_·U·:¡3�U�B�
Û�Ð��������U�_�������¾Ð�¸U¸U¸�º¼»�¹hÙU·1¹�º*¹|¸�º6ÙU¶×Ét°B��­£����°��.�UÎ���°��U�tÉ`�U�t�ª�U���U�BÎB��� �Ü� ��ÎB���6�v�Ý���t��°B�.±���§m������¤¥�6�v�t�UÞ
¢`�£�O� ��������������¦���¡vß��B�£²U���>���£�|�Ü�UÞ¨���U��°B���B�U� �O�À�IÂÝ°��Ý�UÎ���°��U�¾��°B�U��àc��Õ��������U�¥½t�_�t��Þá� �����U¡cÕ7�v��°��O�v�¥âB�_�Ý�O�������B�È¡
�U�B�
Ât°��O¤%�U�7´i�Bã]ÎB¤%­£���-Þä�U�7°��6­£§BÞÆÎB­i¦¼�O¤%¤¥�6�v�����



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
01 MAR 2001 2. REPORT TYPE 

3. DATES COVERED 
  00-03-2001 to 00-03-2001  

4. TITLE AND SUBTITLE 
The Normal Kernel Coupler: An adaptive Markov Cahin Monte Carlo
method for efficiently sampling from multi-modal distributions 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
University of Washington,Department of Statistics,Box 
354322,Seattle,WA,98195-4322 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
The original document contains color images. 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

18. NUMBER
OF PAGES 

37 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



���������
	��
�

���������������
��� �!��"��!�$#%��&�'��(�)��*+�,�,#�-/.102�
"3�54��
'76�.(8��:9;�
��<5�
83#%���
.1"=9:��">6?�:#��
�@�1�3*A9B#�9B#�-
�C�!6?�7�D4FE$��.(GH�:���
.("I6?�
.1"70��20��!6$�5J�G!&����@�)">6,0K6H�56��L8��!G!6?�
��0)MON�6��P�
GH�:.(6��)���56?.(��"���"��Q0K6H�56��L8��)G�6?���$.(0
&�'R4��56��)4S&�0�.("�TQ�L4��!"�0�.U6WVX�)0K6?.(�Y�56��%JZ���@���!4X[>V2�
'�'7�(V\.1"�TQ�L"7�������
�\<
�)�@"��)��6��L6?����JZ&7�1�\0��!6]�5J^0K6H�56��)0!M
����.(0:0��
�C'��1�!�F.10��)�@T��D47.1G=*+.(���@�)4�&�G!.1[��(�
_,`,�
�@��.10F�@�)G!&����@�)">6a�
"74b�
'R�)�@.1�\4�.1GP-CJZ�����
">VcG!��">6?.1"I&��
&�0
4�.(0@6?�@.1[�&D6?.1�
"d��"e4DfW4�.(���!"�0�.(��"��
�$gh&�G!�1.(4��P�
"d0�'��5G)�
Mb�����B�i�L#j��&76�'^�!�@JZ���@��0C0@6?�
"�4��
�@4c9B#�9B#
�C�!6?�7�D4�0k��"F�l85�
�@.1��6WV��5Jm&�"�.(���\4��
�R�
"�4Y[�.1�C�D4��
��'����
[��1�!��0O.1"��(��En6?�X�C�\4��)���56?��4�.1�C�)"70�.1�
"oM�pq�
.1�(�1&�0K6?���56?�,6����Q&76?.(�1.U6WV��
Jr6?���l�,�,#s[>VFt�6�6�.1"�TC�S��.vu\6?&��@� ���\4��)�^JZ���$T��)"���6?.(Gw.("�0@6?�
[�.(�1.(6WV�.1"�G)�
"�G)�!�
G)�!�1�(0)MX����.(0 ���\4��!�x_yE$��.(GH�zE$�7.1GH�z���
0 6WE%�:4�.(0@6?.("�G!6 �
"�4{4�.10@0�.(��.(�|�
�����\4��!0)_}.10L"7�
6 E%�!�1�h���5"�4��1�!4
[>VC0@6H�5"�4��
�@4�9B#�9B#n�C�!6?�7�D4�0!M�~W"�G!��">6?�?�50@6P_I6?�7�L�,�,#e�!�CG).(�)">6?�UVS0?�
�C'��(�)0]JZ������6���.10O���\4��!�^�5"�4
V\.1�!�14�0��@�)0�&7�(6?0�6����56i�
��� G!��"�0@.10@6��)">6�E$.(6?��G!&����@�)">6,0@G).(�)">6?.Ut�GQ&�"�4��!��0@6?�
"�4�.("�T�M

�2�����%�������)�����PV��!0�.1�
"3gh0@6?.(�Y��6?.1�
"o_�9;&��(6�.Uf�GH���
.1"z0?�5��'��(�)�@0)_��m��0@0/�
J����!6��)���
�!V\T���0@.(6WV�_O#��5"�G)�!�/T���f
"���6?.1G!0)_��r��0@6��)��.(����4�.(0@6?�@.1[�&D6?.1�
"



� �������	��

�
���������
9 �
�@<
��8q#%���
.("q9;��">6?��#��
�@�1�z*x9 #�9B#�-Q.(0Q�F����6?���\4{�
J%'R�)�KJZ�����C.1"7T�"I&����!��.(GP�
��.(">6?�)T
�?�56�.1��" JZ�
�
�
"��5�(VI6?.(GP�
�(�(VL.(">6?�?�5G!6H�5[��1�OJZ&�"�G!6�.1��"70�6?���56�G)�
"X��uD'��@�)0@0��)4��
0�47.10@6���.([�&76?.(��"�0%*x9;��6?�@��'^�
�1.10r�!6��
�xMU_����������
`,�50@6?.("�T�0!_��������>-�M�NiJ 6��)�k�
"C.1"�.U6?.|�5�7[�&��@"DfW.("�'R�)�@.1�\4o_I�Q'�����'R�)�@�(V2G!��"�0K6?��&7G!6?�!4:9B#�9B#e0��
��'7�1�)��E$.(�1�
T��!"��)���56?�B*+"���"\fW.1"74��)'R�)"�47�)">6�-l0��
�C'��1�!0wJZ�@��� �
��[�.U6?���
��.(�(VBG!���C'��1.(GP�56��)4z'�����[��
[�.1�(.(6WV 4�.10K6?��.([�&76�.1��"�0
E$.(6�����&76/��� �\&7.1��.("�T 0@'^�!G).Ut�GP�56�.1��" �
J$"����@�Y�
�(.1�!.1"�T�G)�
"�0@6?�
">6?0)M{gh�@T��D47.1G��P8
�)�?�5T��)02�
J�6����Y0��
�C'��1�!0
6?�I&�0�T��)"7�)�?��6?�)4dGP�
"d[^�:&�0@�)4e6��q�!0@6?.(�Y��6?�F6?���:��uD'R�)G�6H�56�.1��"d�
JQ�
�@[�.(6��?�
�KV JZ&�"�G�6?.(��"�0C&�"�4��!��6?�7�
6H�5��T���6$4�.10K6?��.([�&76�.1��"oM
N,�U6?����&7T������
">V�9 #�9B#e6?�)GH�7"�.!�I&��!0$�
��� �P85�
.(�|�
[��(��E$��.1GH�F�#"y�!G!6�.(8��!�(V�0?�
�C'��(��JZ�@��� &�"�.1�C�\4��
�

4�.(0@6?�@.1[�&D6?.1�
"�0)_D�!�CG).(�)">6,0��
�C'��1.("�T/JZ���
� �X&��U6?.vfW�C�D4��5�R47.10@6���.([�&76?.(��"�0��@�)���
.1"70$�S47.(�CG)&��U6$'����
[��1�!�;M
���z.1�(�1&�0K6?���56?�C6?����4�.U��G!&��(6WV .1" &�0@.1"�Tq9B#�9B# 6��{0?�
�C'��1��JZ����� �/&��(6�.UfW�C�\4��
�h4�.(0@6?�@.1[�&D6?.1�
"�0)_

G)�
"�0�.(4��)�S�B4�.(0@6���.1[7&76?.(��" JZ���@���!4 [IV G)���X[7.1"�.("�T;6WEk�q� �I&��
�1�UVqEk�).(T��>6?�!4=[7.(85�
��.1�56?��"����@�Y�
�(0)_h��"7�
G)�!">6?�)�@�)4 �56/*$��%&��-%�
"�4�6?���Q�
6����)���56l*'��%&�>-�Mh����.10�47.10@6���.([�&76?.(��"FGP�5";[R�Q��uD'����!0�0@�)4a�
0

(*) �
+-,/.10 *$�2%&�>-#%43 .�576

�
+-,/.10 *$�2%&�>-#%43 .�598 *:��-

#%��">6?�
&���0��
Jr6?���QG)�
�����!0�'R��"�4�.("�TS4��)"70�.(6WV:�5��� '��(�
6�6��)4�.1"/;�.(T�&����<�
M
������6WEk� �C��0K6wJZ�@���I&��!"I6��(Vz�
'7'��1.(�)4 9B#�9B# 6?�!GH��"�.=�\&7�)0X�5���26?���?> .1[�[�0Q0��
��'7�1�)��*$>Q�!�Y�
"A@

;�.1T�&7���B�9CEDL�!"�0�.U6WV�G)�
"I6���&��@0�JZ���$�2�C.Uu\6?&7��� �
J + &�"�.(6Kf�85�
�@.|�
"�G!�L[�.U8
�5��.|��6?�L"��
�����
�10

0 5 10

0
5

10

�



> �)���
"o_ � � ��� -��
"�4;6����Q8
�5��.|�5[��1��f �56Kf ��fx6?.1�C�,9;�!6�����'R���1.(0$0?�
�C'��1�!�l*x9;��6?���
'^���(.10���6L�
�AM(_ �������>-%E$.(6��
� "����@�Y�5�,'��@��'^�
0?�
�AM �k�
6?� �C�!6����D470�&�'R4��56?�a�
"��(Ve� 0�.("�T��1�;'��
���
����6?�!�F�56F�)�
GH�s.U6?�!�?�56�.1��"o_�0@�
6?���56w�
�1������8��!0/�5���2'��
���
�1�(�)�r6?����"��S�
JO6?���CG)�\���@4�.1"���6?�2��uD�!0)M��D.1"�G!�26?���S�C�D4��!0 �
JO6?���S��u7�
�C'��(�
4�.(0@6?�@.1[�&D6?.1�
"��5����"���"Df��
8
�)�@�|�
'�'7.1"�Tl�
"�4�47�/"��
6O�(.1���
�1�
"�Tw6�����G)�\����4�.("��56��i�
u7�!0)_D"��).U6?���!�k0��
��'7�1�)�].(0
�
[��(�l6��F����8��/� "^�)G!6�.(8
�)�(V [^��6WE%�!�)"a6?�7�2���\4��)0i�
J]6?��.(0,4�.(0@6���.1[7&76?.(��" *Z0��)� ;�.1T�&��@�B��*+�>-i�5"�4 ��*+[�-�-�M
pc��.(�1�,.U6�.(0�'^�
0�0�.([��1�,.1"Y6���.10�G)�
0��L6��X6?���
"�0@JZ�
��� 6?��� '��5�?�
�C�!6��)��0%0��X6?���56�6?�7� ���\4��)0%�1.1�,�
�1�
"�T/6?�7�
��uD�)0!_�t�"�4�.("�TC�S0@&�.(6?�
[��(�L6?�?�5"�0@JZ���@�Y��6?.1�
"��Y�PVF[R� 4�.U��G!&��(6$�
��.1�C'^��0@0�.([��1�,JZ�
�����P�5�1.10K6?.(G,'��@��[��1�!��0!M
N,"��56?���!�r0K6H�
"74��
��4/9B#�9B#{6?�)GH�7"�.!�I&��].10o6����]�?�
"74����sE%�
�(< 9;��6?���
'^���(.10o0��
�C'��1�!�m&�0�.("�T��$�/&��(6�.Uf

85�
��.1�56?�%"��������
�D'�����'R��0��
��4�.(0@6?�@.1[�&D6?.1�
"oM���"��1.(<
�%6�����85�
��.1�
[��1��f �56Kf ��fx6?.(���h�C�!6����D470)_�6?�7.10]9;��6?�@��'^�
�1.10
0?�5��'��(�)��GP�
"aT
�)"��!�?�56��/�C�
8
�)0L[R�!6WEk�)�!"a6?���X�C�\4��)0i�
Jh6?���l��u7�
�C'��1�l4�.10K6?�@.1[�&76�.1��"y_R'7����8\.14��!4 6?����6
6?�7�i85�
��.1�
"�G!�i�
Jm6����,'7����'R��0?�5�R47.10@6���.([�&76?.(��"C.10O0�&7�CG).(�)">6?�UVY�1�
��T
�
M���"7JZ���K6?&�"���6?�)�UV�_D�/'��@��'^�
0?�
��E$.(6��
�28
�5��.|�5"�G)� �1�
��T�� �!"���&�T
�;6?�S�!"�0�&��@�/�C��8��)0�[R�!6WEk�)�)";6?���Q�C�D4��!0�E$.1�1�o�
�10@�CT
�)"��!�?�56��w���
">VF'R��.1">6�0
6?���56l�
���S"��)�
�Q"��).U6?���!�w�C�\4��:*+0@�)� ;�.1T�&7��� ��*ZG�-�-�M����7.10 E$.1�(��GP�
&70����:�1�
��T��2'7����'R���@6�.1��"a�5J�GP�5"�4�.Uf
4��56��2'^�
.1">6?0L6��:[R�2���	�@�)G�6?�)4y_��
"74{E$.(�1���Y�
<5�X6?���S0��
��'7�1�)�i8��)�KV{.1"����CG).1�!">6PMX����.(0 .10 '��5�@6?.(G)&��1�
���UV
'��@��[��1�!�Y��6?.1G,.1"F��.(T���4�.1�C�)"�0@.1��"70$�
"�4FE$���)":6?���Q�C�D47�)0$�
�@�QEk�)�(�m0��!'��
�?��6?�)4yM
N,�U6?����&7T��B6?���C9 #�9B# �(.(6?�!�?�56�&����lG)��">6?�
.1"�0 "I&��C�)�@��&�0 �@�!JZ�)�@�)"�G!�)0 6?�F6����24�.(�CG!&��(6�.1�)0iG)�@�P�56��)4

[>V3�X&��U6?.Uf����\4��
�]4�.(0@6���.1[7&76?.(��"�0)_]6?�7�)���:�
�@�;�
"��(V �z���5"�47JZ&����
J 9B#�9B# 6��)GH��"�.=�I&��)0�4��)0@.1T�"��!4=6��
� "^�)G�6?.U8��)�UV 0��
�C'��1�QJZ����� 0@&�GH�{4�.10K6?��.([�&76�.1��"�0!M > �)�(�Y�5" @�
$&�[�.1" *:� �9� + -$�@�)G!�����C�)"74��)4aG!���P��6?.1"7T
��G)&70@6?�
� .("�4��)'R�)"74��)"�G!�S'�����'R��0��
��G!��"�0@6���&�G�6?�!4{JZ�@��� ����.vuD6�&����l�
J]�X&��U6?.U8
�5��.|��6?�Q"����@�Y�
�r4�.(0@6?�@.Uf
[�&76�.1��"70L[��
0@�)4z��"a'�����fW0@.1�X&��1�56?.(��" ��uD'��1�����56?.(��"oM > �!V
�)��*:� �����
-�.(">6?���\4�&�G!�)4z9;��6?�@��'^�
�1.10 fK#%��&7'��1�!4
9B#�9B#,_OE$��.1GH�d&�0��!0��z0��!6��
J,G)��"�G!&����@�)">6:9B#�9 # 0?�
�C'��1�!��0S�P�5GH�n��'R�)�?��6?.1"7Tq��"=��"��:�
JQ�{0���6
�
J$0@&�G)G!�)0�0@.(8
�)�(V 0��C�D�56?���!�/4�.(0@6?�@.1[�&D6?.1�
"�0)M #%��&�'��(.1"�T:6?���!0���0��
�C'��1�!��0/[>Vq�DG!GP�
0@.1��"��
�1�UV{0@E%�
'�'�.("�T
G)&7�����!">6Q0@6H��6?�)0Q�5�1�1��E$0,6����X�@��&�T����!0@6Q4�.(0@6���.1[7&76?.(��"o_RG)���@���)0@'^�
"�4�.1"7T�6?��6?�7�24��)"�0@.(6WV �
JO.1">6?�!���)0K6P_y6��
.1"7���)�@.(6$�C��[�.1�(.(6WV�'^�
0�0�.([��1� .(":6����w0��C�D�
6����)��47.10@6���.([�&76?.(��"�0!M�9;�)�
">E$��.1�(�l9 �
��.1�
"�.�@����
��.(0�.O* � �9� + -
�
"�4C�|��6?�)�E> �!V
�)� @b�������C'�0@��"a* � �9� � -�47�)0�G!��.([^���D.1�/&��|�56��)42�r�)�C'^�!��.("�T�_I�Q���)�1�56?�!4��C�!6����\4SE$�7.1GH�
�
�(�1��E$0$�20�.1"7T��1� 0��
��'7�1�)��6����C��8�� 6?�7����&�T
�:6����Q0��!6i�
J�4�.10K6?�@.1[�&76�.1��"70��?�56����)��6?���
";����8\.("�TC�C0@�!6��
J
G)�
"�G)&��@���!"I6Q0��
�C'��1�!��0)M,�i�)�
��* � �9��
�-$��uD6��)"�47�)4{6?��.(0�Ek����<:6?�����)47&�G)�X6����X� "^���K6L��� �I&�.1�@�)4 JZ����6?&�"\f
.1"7T�M�
$�)G)�!">6?�(V
_����@.1�!�1�C�)�|�5"�4�@ `i�)T
0@6H�54 * + �9�9�>-O.1">6?�@�D4�&7G)�)4:�2�C�!6?�7�D4�JZ���%.1"�G!����'R���?��6?.1"7T��@�C�D4��

+



;�.(T�&���� + Ck���
0�0�.([��1�w�C�
8
�)0$JZ����6?���B>Q.([�[�0 �7�
�C'��(�)�)_�85�
�@.|�
[7�1��fW�56@fW��f�6�.1�C�i9;�!6�����'R���1.(0)_��
"74 *+�/&��(6�.Uf
85�
��.1�56?�P-k�?�5"�4����2f�E%�
�1<�9;�!6�����'R���(.10%JZ����6����Q'^�
.1">6$���!'����!0��)">6��)4B[>V�6����Q���)4:4��
6)M

X1

X
2

0 5 10

0
5

10

���������
	�	
�����������
���

X1

X
2

0 5 10

0
5

10

��	�������������	��
�! "�$#� %�� �#&�'���)(*�!#&��+���+��'���

X1

X
2

0 5 10

0
5

10

�-,.�0/1��2
3�+��546���
78(*��#��&+��9+��
�
�

�



t�"�47.1"�T � �C��8��)0�&�0@.1"�T��20@6H�5"�4��
�@4 "I&��C�)��.(GP�
�y�Y��uD.(��.(�P�56�.1��"C6?�)GH�7"�.!�I&��wE$.(6?�:�S�?�
"74����j0K6H�
�K6?.1"7T
�1�\GP��6?.1�
"�0�.1">6����20K6H�
"�4��
��4 9B#�9B#s0��
�C'��1�!�)M

�i"7JZ�
�@6?&7"��56?�!�(V
_L�P�
GH�b�
J/6����)0@� �C�!6?�7�D4�0��@���I&�.1�@�)0:G)��"70�.147�)�?�5[��1�{'��@��[��1�!�Sf�0�'R�)G!.(t�G{� "^���K6:6��
[R�Y.1">8
�)0@6��)4 [R�!JZ���@�Y&�0@�!JZ&��k���!0�&��U6?0/G)�
" [R�Y��[D6H�
.("��)4oM:������G!��"�0K6?��&7G!6?.(��" �
J��;G)&70@6?�
� '��@��'R��0?�
�
4�.(0@6?�@.1[�&D6?.1�
"C�@���I&�.(���)0k"��
6O��"��UV26?�����1�\GP��6?.1�
"2�
Jo6?�7�i�C�D47�)0O�
Jy6����i47.10@6���.([�&76?.(��"o_>[�&D6��
�(0��w��� �\&7.1���!0
4���6?�)�@��.("��56�.1��"��
J}6?��� �5'�'����
'���.1�56?�iG)��85�
��.1�
"�G)�,�Y�56���.vu�JZ�
�%�P�5GH�:�C�\4��
M����7�L6?�)�C'R�)��.("�TX�C�!6����D470
��� �I&�.1�@�i0@�)�1�!G!6�.1��"��
Jo6?�7�,0��C�\�
6?���!4�47.10@6���.([�&76?.(��"�0O�
"�4�4��)�@.(85�56�.1��"C�
J}�
'7'�����'7��.|��6?�$'����
[��
[�.(�1.(6�.1�!0��
J
0@E%�
'�'7.1"�Ti[^��6WE%�!�)"20?�5��'��(�)�@0)Mr~W"X�
4�47.(6?.(��"o_
��"��UVQ�$0����
�1��JZ���
G!6�.1��"Q�
JD6?���%9B#�9B# 0@6?�56?�!0�T
�)"��!�?�56��)4
[>VQ6?���O6?�)�C'R�)��.("�T�����6?���\4�0rG)���@���)0@'^�
"�4/6?��6?���O4�.(0@6?�@.1[�&D6?.1�
"w�5J�.1">6?�!���!0@6P_
���)47&�G).("�Ti6����).(������G!.1�!"�G!V
M
�����)�@� �@�)���
.1"�0:�="��)�!4sJZ��� 9B#�9B# �C�!6����D470:6����56:�!�CG).(�)">6?�UVc0?�
�C'��(�{JZ�@��� �X&��U6?.vfW�C�D4��5�

4�.(0@6?�@.1[�&D6?.1�
"�0$�
"�4:6?���56��C.1"�.(��.(�)�,6����l�
���
&�">6i�5J�� "^���K6i�@���I&�.(���)4;JZ����� 6����w0@6H��6?.10K6?.(G).|�5"oMk~�6i.10$.("
6?�7.10�G)�
"I6���u\6�6?���56�Ek�w.1">6?�@�D4�&7G)� 6?���w���������
�o� �!��"��!�r#%��&�'��(�)�l*A�i�L#�-�M
~W"�0��!G!6�.1��" + _\Ek�,.(">6?���\4�&�G!��6����i�i���@�Y�
��� �!��"��!�o#%��&7'��1�!�)M �D�!G!6?.(��" �Q4�.(0�G)&70�0%6����iG!��">8��!��T��!"�G)�

'��@��'^�!�@6�.1�)0$�
J�6?���l�,�,#,MRpq�Q���!'^���K6,�
" �S0�.(�X&��|��6?.1�
"F0@6?&747V:G)���C'��
�@.1"�TX6����l'R�)�KJZ�������
"�G!�l�5J�6?�7�
�,�,#dE$.(6��Y0���8��!�?�
�o0K6H�
"74��
��4Y����6?���\4�0O.1"Y0@�)G�6?.1�
" � M �D�!G!6�.1��"��Q0�����E$0%6����,0@&�G)G!�)0@0@JZ&��}�
'7'��1.(GP�56�.1��"
�
J^6?�����,�,#=6?�w�Q[�.1�C�\4��
�7�C�\4��)�7JZ�
�]6����$T��)"7�!6?.(G$.1"�0K6H�
[�.(�1.U6WV/�
J^�)0@��'����5T��P�
��G)�
"�G)�!��0!M�p ��'�����8\.147�
G)�
"�G)�(&�0�.(��"�0��
"�4�4�.(0�G)&70�0�.(��":.1"�0��!G!6?.(��" 
7M

� ����� � � �	� 
���
�� �4������� ��������� � ��� 
����

�������i���@�Y�5�]�Q�!��"��!�k#%��&�'��(�)�Y*A�,�,#�-Q.(0w�
" 9 #�9B# 0?�
�C'��(�)� 6?����6l���
.("I6?�
.1"70 �;0@�!6l�
J�G!&����@�)">6
0@6?�56?�!0)_5�P�
GH�X�5J7E$��.(GH�/G)�
"I8
�)�@T��)0�6��i6����k0��
�C�]6?�
��T
�!6�4�.10K6?��.([�&76�.1��"oMmN�6��P�5GH�X.(6��)�?��6?.1�
"o_
�i"���E 85�
�1&��
.10Q'��@��'R��0��!4qJZ���Q��"��CG)�
��'R��"��!"I6l0@6?�56?�C&�0@.1"�T;�:<5�)�@"��)�k4��)"�0@.(6WV{�!0@6?.(�Y��6?�SG)��"70@6?�@&�G!6��)4 JZ�@��� 6?�7�
�)">6�.1���QG!&����@�)">6,0@�!6)M �D.("�G)� 6?�7�l<5�)��"7�)�r4��)"�0@.(6WV��!0@6?.(�Y��6?� ���
<
�!0�8
�)�@VFJZ��E �
0@0�&��C'76?.(��"�0��
[R��&76$6?�7�
JZ���@� �
J�6�����6H�5��T���6h4�.10K6?�@.1[�&76�.1��"y_�6����$�i���@�Y�5�7� �)�@"��)��#%��&�'��(�)��� 0�����G!.1�!"�G!V2.(0��1�
��T��!�(Vw.1"74��)'R�)"�47�)">6
�
Jm6����,"I&��X[R�)���
"�4��(�DG)�56?.(��"S�
J}���\4��!0)M�pc���!"F'����
'^�!���(VCG!��"�0@6���&�G�6?�!4o_76?�7� �,�,#e�!�CG).(�)">6?�UVY0��
�Sf
'��(�)0,JZ�@��� [R�
6��a&�"�.1�C�\4��
���
"�4a�X&��U6?.vfW�C�D4��5�o6H�
�@T��!6 47.10@6���.([�&76?.(��"�0!_y�!8
�)"{E$���)"a6����24�.10K6?�@.1[�&76�.1��"
.10��\4�4��UV�0@���
'R�)4:����6?���Q�C�D4��!0$�
��� Ek�)�(�o0��!'��
�?��6?�)4yM

�



����� ���	��

���������������
�m�!6��O* ({-�_�47�!t�"��!4 ��"A( ���! :*#"
fW4�.(���!"�0�.(��"��
��g]&7G)�1.(4��P�5"q0@'��
G)�P-�_�[R��6����C4��)"�0@.(6WVz�
J�6����Y47.10Kf
6?�@.1[�&D6?.1�
" �
J�.1">6?�!���!0@6PMq�m�!6�$r* (z-l[R��� JZ&�"�G�6?.1�
" E$��.1GH�3.10/'�����'R���K6?.1�
"��
�]6?�%�O* (z-�Mz�m�!6<('&)( *+ ,
* ( & � *+ % 8�8�8 % ( &.-�*+ -�_][^���B8
�)G!6����S�
J�G)���C'R��"��)">6S0K6H�56��)0XE$���!�����P�
GH� ( &0/1*+ �2�  M �i�56?��6?���56S0�&�[\f
0�G!��.('76?0$.1"74���uF6�.1�C�
_\E$��.1�(� '��
���!">6?���!0�.1�!�)4;0�&�'R�)�@0�G)�@.1'76�0i.("�4���u�G)���C'R��"��)">6$0K6H�56��)0)M
p �wE$.1�(�m&�0�� ,  043 %65 5 6��Y�@�)'��@�)0��!">6Q��4Dfx85�
��.1�56?�Q"����@�Y�5�r47.10@6���.([�&76?.(��"FE$.(6�� �C�P�
":8��)G�6?��� 3

�
"�4�G)��85�
��.1�
"�G!�i���56?�@.Uu75�M�~W"��w0��1.(T��>6O�
[�&�0@�,�
Jy"��
6?�56?.(��"CEk�iE$.(�1��&70�� ,  048:99 3 %�5 5 6?�w���)'7���)0@�)">6
6?�7�Y�\�<;7�<=?>+����6 8 �
J��S4\f�85�
��.1�56?�,"��������
�yE$.U6?���C�P�
"F8��!G!6���� 3 �
"74;G!�
85�
�@.|�
"7G)� ���56?�@.Uu@5�M
���������������
�I� �)�@"��)�7#%��&�'��(�)��.(6?�!�?�56��)0}6?���@��&�T��l0�.vu/0K6?�!'2�i85�
��.1�
">6r�
J�6?�7��9;��6?���
'^���(.10 f `,�50@6?.("�T�0

&�'R4��56��wG�V\G)�1� C
��MBADCFEGC �
� �2G!����'R��"��!">6i0K6H�56��
_ ('&0/1*+ H � �9% 8 8 %JIC_76��S&�'^4��56?�5M
+ M�K �ML�NOLR� C��X"��!Es0@6?�56?�	P &Q/R* JZ���kG)���C'^�
"��)">6 H &�0@.1"�TS�X"7�������
�R<
�)�@"��)�m47�)"�0@.(6WV��!0@6�.1���56?�i[IV
���
"�4����C�(V�0��!�1�!G!6?.("�TC�C0@��&��@G)�QG)���C'R��"��)">6)_ ('&QST*+ _7E$���!���

U ) DL.10�G!����6?� �i"7.(t����@�;*:�9% 8 8 %VI/-
�
"74:6����)":T��)"7�)�?��6?.1"7T��X85�
�(&��LJZ����� �C"7�������
�yG!�)">6?�!���!4a�56 ('&0ST*+ C

P &Q/R*XW U ) ,  0 ('&0ST*+ %�Y .JZ 5 %
0@�C6����56�6?�7�w47�)"�0@.(6WV��
J[P &0/1* W ('&)( *+ .10

\^] *#P &0/1*VW ('&)( *+ - , \^] *#P &0/1*VW ( &0/1* % ( &)_4/1* -
, �I -` acb

d / ,  0 P &0/1*VW ('&
a
*+ %eY .fZ 5 6

�I ,  0 P &0/1*<W ('&Q/R*+ %�Y .JZ 5
E$���!���gY . .(0%�/[��
"�47E$.(476?�Y6�&�"�.("�TXG)�
"�0@6?�
">6$�
"�4 Z 4���6?�!���C.1"��!0k6?�7�L0����5'^� �5"�4�0�G)�
�1�i�
Jm6?�7�
"��
�����
�y<5�)��"7�)�xM

�



�7M � L��'N��}� CC6?���l9;��6?�@��'^�
�1.10 f `i�
0@6�.1"�T�0��
G)G!�)'76?�
"�G)�w'��@��[��
[�.(�1.U6WV
� * ( &0/1*+ %VP &0/1* W ( &)_4/1*+ - , ��.("

� �9% �]*#P &0/1* - \^] * ('&0/1*+ W P &0/1* % ('&)_4/1*+ -�]* ( &0/1* - \^] * P &0/1* W ( &0/1*+ % ( &)_4/1*+ -��
, ��.("

� �9% $}*#P &0/1* - \^] * ( &0/1*+ W P &0/1* % ( &)_4/1*+ -$}* ( &0/1* - \^] * P &0/1* W ('&0/1*+ % ('&)_4/1*+ -�� 8

� M �F�>� C N}� 6����Q'�����'R��0@�)4:'^��.(">6 P &0/1* �
"�4�0���6
('&0/1*+
	 ��� P &0/1*

E$.U6?�:'����
[��
[�.(�1.(6WV � * ('&0/1*+ %VP &0/1* W ('&)_4/1*+ -�_��
6����)�KE$.10@�
_
@C��^C �
� 6?���Q'��@��'R��0��!4;'R��.1">6��
"74;0@�!6
('&Q/R*+
	 ��� ( &Q/1*+ 8

�DM � L�N�� 6����Q���!�Y�
.("�.1"7TX0@6?�56?�!0
( & _4/1*+
	 ��� ('&)_4/1*+


7M 3�� ��� C � C�� � 6?.1�C��C�� � *�� 6 �
-�M

� � ����� � ��� � �
� �
N G!��"�G)�!��" E$.(6��c�
4��
'D6?.(8
�{9B#�9B# �C�!6?�7�D4�0Y.10�6����a'R��0�0@.1[�.(�1.(6WV 6����56Y0�&�GH� ����6?���\4�0����PV3J+�
.1�
6?�;G)��">8
�)��T
��6?� 6����Y4��!0�.(���)4 0@6H��6?.1�
"��
�@V{47.10@6���.([�&76?.(��"oM/;����@6�&�"��56��)�UV�_}6?���F�i�L# �(�)"�4�0l.(6�0��)�UJ�6?� �
0@6��?�
.(T��>6�JZ���KE��5��4 '7���\�
J�6?���56L.U6,.(0i�!��T��\4�.1GY*+.(���@�)4�&�G!.1[��(�
_R`,�5����.(0,�@�)G)&7�����!">6Q�
"�4a�5'^�!��.1�\4�.(G�-�_�E$�7.1GH�
.10�0@&7�CG).(�)">6i6��S�)"�0@&����wG)��">8
�)��T
�)"�G!�
M

DL�!t�"7�k6?�7� �@��.(">6�0K6H�56����
0}6?�7�k8��!G!6�����JZ���@���!4l[>VwG)�
"�GP�56��)"���6?.1"7T,�P�5GH�X�
J76����%G!���C'^��"7�)">6�0K6H�56��)0!_






( &)( * , * ( & � * % 8 8 % ( &R-�* - %�6?��� �@��.("I6%6H�
�@T��!6�4�.(0@6?�@.1[�&D6?.1�
"�[>V
� � * ( & ( * - , -�

/ d �
�]* ( &0/1* -

�
"�4�6?�7� �@�
.1">6�'��@��'^�
0?�
�m4��!"�0�.U6WVF[>V

\ � *#P &)( * W ( &)( * - , \^] *#P &���� * W ( & ( * - -� / d ���
*#P &Q/1* , ( &0/1* -

E$���!���
�
*	� -S.10C6?���a.("�4�.1G)�56?�
�CJZ&�"7G!6?.(��"e6����56�6?�
<
�!0�8
�5�1&�� � E$���)"c.U6?0��5��T�&��C�)">6F.(0�6���&��a�5"�4 �

�
6����)�KE$.10��5_o�
"74�
 + G�V\G)�1�!0i6�������&7T��a�Y'R�)�@�X&76H��6?.1�
";�
Jh6����/.(">6?�)T
�)��0 �9% 8�8�8 %VISM�pc.U6?�:6?���!0��X4���t�"�.vf
6?.(��"�0!_�6����X�i�L#b.(0�0@�)�!"B6?�Y[R�l�C85�
��.1�
[��(��f ��6@f �
f�6?.(���,9;��6?���
'^���(.10 f `,�50@6?.("�T�0�0��
��'7�1�)�$JZ����6?�7� �@��.("I6
6H�5��T���6lE$���!�����P�
GH�qG)���C'^�
"��)">6l0@6H��6?�
_ ( &0/1* _�.10QG)�
"�0�.(4��)�@�)4 ��'��
���
����6?�!�)M�~W"z6?��.(0lG!��">6?��u\6)_�.(6Q.(0
0@6��?�
.(T��>6�JZ���KE��5��426?�w'�����8
�i�!��T��\4�.1G�G!��">8��!��T��!"�G)�5_��
0]��uD'��@�)0@0��)4F[>V26�����JZ���1�(�
E$.("�T,6����)���@�)� *Z0��)�$6?�7�
N,'7'^�!"�4�.Uu�JZ����6?���Q'��@�D�5JH- C
��
 C L�� C � ����� ��=1�����H�M;�> =?;������I�,� =1�<>+�X=���� > =x�M; �M; �  ��DY . � �!�"� ;R� Z =1�$#����<=?> =&%
�,�\��' ;�=?> �(� >&)��<;
>&)��+*��-,.�H�M;7�<>+�/���<>W��� � ���6���I�<=?;!0 Y . � ;R� Z =1�S���10\�)� =2�43 � ��5 = ���?���6���<=���71�(�$89�
���X=1� 5 �H�(�:�\���?�<;�>��;� ;R��:#����X=x�)� =2�=<S�O=?>&)>� ;�=�?�����=?;�%��
�X=�� ;�>k� =1�<>A�X=����F>#=x�M;@� �A@
�����w[^�!���P8\.1�����
Jr6?�7�w.("�4�.U8D.(4�&��
�^G)���C'R��"��)">6�0�.(0�6?���!" �26?�@.(8\.|�5�^��uD6��)"�0@.1��" C
� L��ML E E 	7� �CBED )���� =1�<>+�X=���� > =x�M;�� � >&)��O���F?����<;G�H�$� � %��67H���H��>2��I>�<;4�)�l�F�!�()-�H��J�#��M;y�<;�>��<>2� > �LK &NMQ* ,O ( &0/1*+ % � , ��%��9% 8 8QP �H�M;�%
���10\�H��>W�g� @
R S�� � ����
 ������� S �	�

UT
pq�:'R�)�KJZ�����C�)4d�{0�.1�/&��|�56�.1��" 0@6?&747V 6?�zG)���C'��
�@�F6?�����!�CG!.1�)"7G!V3�
Ji6?���:�,�,# 6?�{6?���56C�
Ji6������!�
0@6?�
"�4��5��4�9B#�9B#d�C�!6����\4�0��\�LG)&70@6?�
��.1"�47�)'R�)"�4��!"�G)��'��@��'^�
0?�
�A_>�,85�
��.1�
[��1��f �56Kf ��fx6?.(���O9;��6?�@��'^�
�1.10
0?�5��'��(�)�!_��
"�4:�S�?�
"�47���SfxE��5�1<Y9;�!6�����'R���1.(0�0?�5��'��(�)��&�0@.1"�TC�2�X&��U6?.U8
�5��.|��6?�,"7�������
�y'7����'R��0?�5�xM

�



� ��� ���O�����D��� ���F� �����
	 �������
�
;�����6����a0�.(�X&��1�56?.(��"�0)_kE%�aG!��"�0@6���&�G�6?�!4b� 0@�!6F�
Jw0@�!8��!" 6��)0K6�4�.10K6?��.([�&76�.1��"�0SE$��.(GH�s�5[�0@6��?�
G�6F4�.(J|f
JZ�)�@�)">6XGH���
�?�
G�6?�!��.10K6?.(G)0w�
J�'R��0@6��)�@.1���Q4��!"�0�.U6?.1�!0l�!"�G)�
&�">6?�)�@�)4 .("z'7�?�
G�6?.1G!�
MFg]�
GH� 4�.10K6?��.([�&76�.1��"aE%�
0
T�.U8��)" �;4��!0�G!��.1'D6?.(8
�C6�.(6��1�
M������)0@�F�
�@� ���L"��P9;�\4�� � _ ���,�5������E � _��@��Ek�I9;�\4�� � _ ���%.(T�N,"74 �D���
�1� � _
��`��P�P8IVDNi"�4��m.1T
�I6 � _������
"��5"�� � _��
"�4 �K��E%�>�i�
���@��E � M ;��
���X&��1�
�;�
"�4 G)�
"I6���&���'7�1�
6�0�JZ���Y6����)0@�
4�.(0@6?�@.1[�&D6?.1�
"�0��
�@�wT
.(8��!"�.1"F6H�
[7�1�)0 �w�
"�4 �2���!0�'R�)G!6�.(8
�)�(V
M
� � C�� L�� Cc����.(0w6?�
��T���6w4�.10K6?��.([�&76�.1��"o_r��0�'��7�)��.(GP�
�]4Dfx85�
��.1�56?�S"����@�Y�5��E$.(6�� .147�)">6?.U6WVaG)��85�
��.1�
"�G!�

���56?�@.Uu^_r���)'7���)0@�)">6?0S�5" .147�P�
�]6H�
�@T��!6l4�.(0@6?�@.1[�&D6?.1�
"zJZ���QE$��.(GH� �
�1�O9 #�9B# �C�!6����\4�0l0@����&��(4
'R�)�KJZ����� E%�!�1�xM

� 	7��� L�� ������0@�)G)�
"�4 0?�
�C'��(�)�w.10l�;4Dfx8
�5��.|��6?�S"����@�Y�
�hE$.U6?� �5" N 
�f&��0@6WV\�1��G)��85�
��.1�
"�G)�C���56?�@.Uu
*Z0��)�X6?�
[��(� + -�E$.U6?� E$.U6?�aG)�
�����!�|�56�.1��" G)�\�!�CG).(�)">6�� , � 8 ���DM ~�6Q�@�)'��@�)0��!">6?0w�����
���X�@�P�
�(.10@6�.1G
6?�
��T���6F4�.(0@6?�@.1[�&D6?.1�
"dE$��.(GH� .(0F�
'�'7���PuD.1���56?�!�(V="����@�Y�
��[�&76FE$�7.1GH�c���
0��7.1T����UV=G)���@���)�1�56?�!4
'��5�?�
�C�!6��)��0!M

� �:L � L�� C �����X6���.1�@4 4�.(0@6���.1[7&76?.(��" .(0,G)�
��'R��0��!4B�
Jh6WEk�F���I&��
�(�(V�Ek�).1T
�I6��)4a4Dfx85�
��.1�56?�w"����@�Y�
�(0)_
�)�
GH� E$.(6��B�
" .14��!"I6�.(6WV�G!�
85�
�@.|�
"7G)�w�Y�56���.vuyM����7�lt��@0@6L.(0iG!�)">6?�!���!4{�56S*'��%&��% 8 8 %&�>-�_�E$�7.1�1�Q6?�7�
0@�)G)�
"�4 .10wG)�!">6?�)�@�)4 ��6F*'��%&��%&�2% 8=8 8 %&�>-�M�����.10Q6H�5��T���6l�C.1�C.1G!0L6?���C[R�)���P8\.1���w�
J%4�.10K6?��.([�&76�.1��"�0
E$.U6?� ��.1T��7�(Vn0@�)'��5�?�56��)4 �C�D47�)0)_iE$���)�@� �P�5GH�b�C�D4��{.(0:�!0�0@�)">6?.1�
�1�UV .14��!">6?.1G)�
�Q�
"�4s.10FEk�)�1�
�C�D47�)�1�!4F[>V:�S�/&��(6�.(85�
��.1�56?�i"����@�Y�
�AM

����� � � � A � 	 E#Ew�����qJZ��&7�@6?�s0?�
�C'��(�)��.10:�
�(0��3JZ�����C�)4 &�0�.("�Td6WEk�e� �I&��
�1�UV E%�!.1T��>6��)4b4\f�85�
��.1�56?�
"��
�����
�10!_%��"��B�56a*'��%&��% 8=8 %&�>-S�
"�4e6���� �56?���!���56a*$��%&�2% 8=8 %&�>-�M `i��E%��8��!�)_$6?���;0��)G!��"�4c�C�D4��
"���E ���
0 �=.14��!">6?.(6WVnG)��85�
��.1�
"�G)�z���56?�@.Uu 0@GP�
�(�)4s4���E$" [>V �=J+�
G�6?�����
J ���� M ����.10�6H�5��T���6
��u7�7.1[�.U6?024�. "y�!���)">6S0@GP�
�(�)0C�
"�4=4�.="^�)�@�)">6S0�.(�)�!4d[��50�.1"702�
JL��6�6?���
G!6�.1��"yM �����)0@�:JZ�)�56?&7���)0SG)�
"
G)�
&�0��w0?�5��'��(�)�@0�6?�S.1"�G!�����@�)G�6?�(V��
0�0@.1T�"���uD6��?�S�Y�50�0�6?�26?�7�w�1�
��T
�)���C�D47�
M

 C 	"! �}� � �$# ��� 
 � ����� t�J 6��;0��
�C'��1�!��.10�G!��"�0@6���&�G�6?�!4 &�0@.1"�TS6?���Q0��
��� "7�������
�10��
0�6?��� '��@�!8\.1�
&�0
0��
��'7�1�)�!_ ���%.(T�N,"74 �D���
�1� � _^[7&76Q6?���S�|�5��T��!�L���\4��X.(0 "���E �
0@0�.(T�"��)4{��"7�(V �

%
6��{�
Jk6����S�Y�50�0)M

�



���
[��1� �9C DL�)"70�.(6�.1�!0 JZ��� 6���� 6H�
�@T��!6a47.10@6���.([�&76?.(��"�0;&�0��!4 .(" 6?���30�.(�X&��1�56?.(��"s0K6?&�4DV�M�� .10B6?�7�
~W4��!"I6�.(6WV:9;�56?�@.Uu^M N 
 � *��\-/.10S�
"3N 
�f&�FG!��8
�5��.|�5"�G)�F���56?�@.UuzE$.(6��3G)���@���)�1�56?.(��" '��5�?�
�C�!6��)���e*+0��!�6H�5[��1� + -�M

���
��T���6 DL.(0@6���.1[7&76?.(��"
�L"���9:�D4�� ,  0 *'��%&��% 8=8 �>-#%	3 5
�,�5������E ,  0 *'��%&��% 8=8 �>-#%hN�
 � *'� 8 ����- 5
��Ek�I9;�\4�� �. ,  0 *'��%&��% 8=8 �>-#%43 5 6 �. ,  0 *'��%&��% 8=8 %&�>- %	3 5
�%.(T�N,"�4 �D�Y�5�1� �. ,  0 *'��%&��% 8=8 �>-#%43 5 6 �. ,  0 *'��%&��% 8=8 %&��% ���� 3 5
`i�)�P8\V\Ni"�4��m.1T��>6 �

% ,  0 *'��%&��% 8=8 �>-#%43 5 6 �
% ,  0 *'��%&��% 8=8 %&�>- % ���� 3 5

���
"��
"�� �. ,  0 *�� � 8 �2%�� 8 � % 8=8 � 8 ��-#%]N�
 � *�� � 8 ���
- 5 6 �. ,  0 * � 8 �2%�� 8 �2% 8 8 %�� 8 �
-#%�N�
 � *'� 8 �9��- 5
��Ek�>�,�
�@����E �. ,  0 *'��%&��% 8=8 %&�>- %hN 
 � *�� � 8 �9��- 5 6 �. ,  0 *$��%&�2% 8=8 %&�>- %�N 
 � *$� 8 ���
- 5

���
[��(� + C]N 
�f&� 0@6WV\�(�wG!��8
�5��.|�5"�G)�Q���56?�@.Uu�E$.(6?��G!�����@�)�|��6?.1�
"F'��
�?�5����6?�)� �

N 
 � *��\- ,
������
�

� � � . � � � � - _ �
� � � � � � � - _ .
� . � � � � � � - _
	MMM MMM MMM M M M MMM
� - _ � � - _ . � - _
	 � � � �

�
�����
�

�



;�.(T�&���� �2CO#%��">6?��&��$'��(�
6?0��5J�6���� 6H�
�@T��!6$4�.(0@6���.1[7&76?.(��"�0�&�0@�)4;.1"F6?���Q0@.1�X&��1�56?.(��"�0K6?&�47V

−4 −2 0 2 4

−
4

−
2

0
2

4

�-� � � 2�� (*+ 3 �
−4 −2 0 2 4

−
4

−
2

0
2

4

�-	����������&+��

0 5 10

0
5

10

��, ������+�(*+ 3 �
0 5 10

0
5

10

�-3
� � ���
	�2
3
� � ���'� �-����

����� � ���
� # � ��2
3
� �.������	�2
3�� ����� # ����������� #�����! 
"� �

−4 −2 0 2 4

−
4

−
2

0
2

4

��� ������2
��2��
0 5 10

0
5

10

�$#&�%����+
� ���&��+��

� �



����.(0Q�Y�
<5�)0w.(6L8
�)�KVq�(.1<5�)�(V;6?����6Q0?�
�C'��1�!��0 E$.1�(��.("�G)���@���!G!6?�UV{�
0@0�.1T
"{6��D�:�X&�GH�z���
0�0 6?��6?�7�
�1�
��T��!���C�D4��5M

� 	 � 	 � 	 �����$0�.vuD6��26H�
�@T��!6]4�.(0@6���.1[7&76?.(��"X.10��
�10@�LJZ�����C�)42JZ���
� 6WEk�l4\f�85�
��.1�56?�k"����@�Y�
�(0)M������)0@�$6WEk�
"��
�����
�10O�
�@�iG!�)">6?�!���)4:�56L*:� 8 �2%�� 8 � % 8=8 %�� 8 ��-h�
"�4B*�� � 8 �2%�� 8 �2% 8 8 %�� 8 �
-�M����7�,t���0K6�"��
�����
�����
0%�
"
N�
�f �/0@6WV\�(�2G)��85�
��.1�
"�G)�l�Y��6?��.vu�E$.(6��BG)���@���!�|�56�.1��";G)�\�!�CG).(�)">6
� , � 8 ���DML�����/0��)G!��"�4{�C�D4��
���50��
"�N�
�f �,0K6?��&7G!6?&7���LE$.(6��YG!�����@�)�|��6?.1�
"YG)�\�!�CG!.1�)">6�� , � � 8 ���DM�����.(0�G)�@�P�56��)0%6WEk�2"��
�@����E
"��
�����
�10��
�(.1T�"��!4;'R�)�@'^�!"�4�.(G)&��1�
���UV�_�E$.(6�� 0��
���w��8��)�@�|�
'B�562*'��%&��% 8=8 %&�>-�M�����.10�6H�
�@T��!6i��.(��.(G)0
6����$G)���C'��1��uX6���'^�
�1��T�.(�)0�E$�7.1GH�CGP�
"CGP�
"C0��!��.(��&�0��UVX�@�)4�&�G!��6����$�!�CG).(�)"�G�VS�
Jo���
">VX0��
�C'��1�!��0)M

� �:L � 	��
� L � ���7�:0@�!8
�)">6?�e6?�
��T
�!6S�
�(0��{���
0X6WEk�z'^�!��'R�)"�4�.(G)&��1�
�X�C�D47�)0XE$.(6�� N 
�f&��0@6���&�G�6?&��@�
E$.U6?� � , � 8 ���C�
"�4 � , � � 8 �����@�)0@'^�!G!6?.U8��!�(V�Mi����.10�6?.(���5_�6����X�C�D47�)0i�
��� �\&7.(6?�l0��!'��
�?��6?�)4y_
E$.U6?�e�
"��B�56B*$�2%&��% 8 8 % �>-2�
"�4d6���� �56?���!���56B*$��% ��% 8 8 %&��-�M ����.(0�G!���X[�.("��)0C6?���;'�����[7�1�)�C0S�
J
4�. "y�!���!"I6�G!�
85�
�@.|�
"7G)� 0@6���&�G�6?&��@�wE$.U6?��.("F���\4��!0$E$.U6?�F6?�7��0��Q�
J�0��!'��
�?��6?�)4;���\4��!0)M

� � � � � ������� � �
;���&���0��
�C'��1�!��0�Ek�)���Q&�0@�)4�JZ���%6���� 0�.(�X&��|��6?.1�
"�0)_D�S9;�!6�����'R���(.10KfW`,�
0K6?.("�T�0%0��
�C'��1�!��&�0�.("�TS�2G)&�0K6?���
.1"74��)'R�)"�47�)"�G!��'��@��'R��0?�
��G)��"70@6?�@&�G!6��)4zJZ����� ����.vuD6�&����/�
J%"7�������
��47.10@6���.([�&76?.(��"�0!_m�Y85�
��.1�
[��1��f �56Kf �
6?.(��� 9;�!6�����'R���1.(0�0?�5��'��(�)��&70�.1"7T��2"��
�����
�o'��@��'^�
0?�
�A_��2�?�
"74���� E%�
�1<�9;�!6�����'R���(.10�0��
��'7�1�)�%&�0�.("�T
�2�X&��U6?.(85�
�@.|�56��,"��
�����
�y'��@��'R��0?�
�m47.10@6���.([�&76?.(��"o_D�
"�4;�i���@�Y�5�m� �)��"7�)�r#%��&�'7�1�)�!M
p �/&�0��!4B6WE%��8
�)��0@.1��"70L�
Jh�)�
GH�a0?�
�C'��(�)�$JZ���i6����/0@.1�X&��1�56?.(��"�0!M��r��G)�
'76?&7���/6����/[R�)0K6 '^�
0�0�.([��1�

'R�)�@JZ�
�����
"�G)�$�
J^6?���$.("�4�.(8\.(4�&��
��0��
�C'��1�!��0hE%��G)�
"�0@6���&�G�6?�)4�6?���$t���0K6k8
�)�@0�.1�
"Y&�0@.1"�Tl�
"��
'�'��@��'���.1�56?�
JZ&�"�G�6?.(��"a�
J]6?���X6���&��2G!��8
�5��.|�5"�G)�5Ml�����20@�)G!��"�4z0?�
�C'��1�!�,E%�
0 G)��"70@6?�@&�G!6��)4 ���
4��5'76?.U8��)�UV � &�0�.("�T��
�X&��U6?.vfW0@6?�
T���6?&�"�.("�TS����6?���\4�����6?���\4oM

�L&��i�/&��(6�.UfW0K6H�
T
�,6?&�"7.1"�TC����6?���\4:0�.1�C.1�1�
�k6��C6����w��"��w'�����'R��0@�)4 [>V 
��5J 6?�!�@V/@��m��E$.10/*:� �9� 
>-�M
Nj0@���I&��)"7G)�:�
J���&�"�0!_]�P�
GH�3�
J��1�!"�T
6�� ��_ ���9�7_�E%�
02&�0@�)436?�B�!0@6?.(�Y��6?�Y6�������8��!�?�
�(���
"�4 'R�)� fW�C�D4��
85�
��.1�
"�G!�
M ;����F6����zt���0@6 ��&�"y_L6?��� 9B#�9B# 0��
��'7�1�)�@0FE%�!��� G!��"�0K6?��&7G!6?�!4 &�0�.("�Td�d'��@�)�1.(��.("��
�KV
85�
��.1�
"�G!�a�)0@6�.1���56?�5M �����q.("�.(6�.|�
���)0K6?.(�Y�56��)0��
Jw6?���{85�
��.1�
"�G!�)0F�
J/�P�
GH�s���\4��BE%�
0 � 8 ��3  M ;����
&�"�.(���\4��
�}4�.(0@6���.1[7&76?.(��"�0)_�6���.10�E��
0Q�5�10��C6?���l6?���X�!0@6�.1���56?�w�
Jh6?�7�X��8��)���
�1�}85�
��.1�
"�G!�
M ;����i[�.1�C�\4��
�

�9�



;�.(T�&���� � Ci�h����'R��0?�5��4�.(0@6���.1[7&76?.(��"�0$JZ���i6����X0?�5��'��(�)�@0,&�0@�)4{.1" 6����X0@.1�X&��1�56?.(��"�0@6�&�47V�MQ�r�)"a'R��.1">6�0
*Z6�.1GH< ���
�@<\0��
�(��"�TB6?�7��uIf �
u7.(0H-/Ek�)���;0?�
�C'��(�)4 JZ����� �z[�.(���\4��
�%'^��0K6?�!��.1�
�:*+0��
�1.143G!&��@8
��-�Me�����
[��@��<
�!"BG)&��K8��X0@����E$0,6?�7�/'��@��'^�
0?�
�}4�.(0@6?�@.1[�&D6?.1�
"�JZ�
���
"��/�
J�6?���w'^�
.1">6?0!_RE$��.(GH� .(0i���
��<5�)4;[IV:6?�7�
G).(��G!�1�
Ma���7��8
�5��.|�5"�G)�CJZ���l6����F'����
'^��0��
�%47.10@6���.([�&76?.(��"�0l�
"�4 6����F4��)"70�.(6WVq�)0K6?.(�Y�56��YJZ���w6?���F�i�L#
Ek�)���wG)�
��'�&D6?�)4:&�0@.1"�T26?�7�����S'R��.("I6�0�0�����E$"oM

−10 0 10 20 30

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

x

D
en

si
ty

Truth
Indep

����� � 2
3 � �

−10 0 10 20 30

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

x

D
en

si
ty

Truth
NM

��	9� � ��������	
�'�� %��#  "�$ #��
� �)(*��#��&+��9+��
�
�

−10 0 10 20 30

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

x

D
en

si
ty

Truth
NM

�-, ���&��2
3 +�� �0���
7 (*��#��&+��9+��
�
�

−10 0 10 20 30

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

x

D
en

si
ty

Truth
NKC

��3
�%�����

� +



4�.(0@6?�@.1[�&D6?.1�
"�0)_%6����a��8��!�?�
�(��85�
�@.|�
"�G!� �!0@6?.(�Y��6?�;E%�
0FG!����'7&76?�!4n&�0�.("�T 6?�7�B�)0K6?.1���56��)4e6����B�C�D4��
85�
��.1�
"�G!�Q�
"�4:<\"7�
E$";�1�\GP�56�.1��"70%�
Jr6?���Q�C�D47� G)�)">6��)��0!M
NiJ 6��)���)�
GH� ��_ ���9�q.U6?�)���56?.(��"�0!_�"��!E 85�
��.1�
"�G)�;�)0K6?.1���56��)0�Ek�)�@�aG)���C'�&76��)4oM ���7�)0��a�!0@6�.1���56?�!0

Ek�)���i6?���!"�&�0��!4�6?�lG)��"�0K6?�@&�G!6k6?���i0?�
�C'��1�!��0OJZ���O6�����"���u\6�0@�!6��5Jm.(6��)�?��6?.1�
"�0)M�����.10k.(6?�!�?�56�.(8
��6�&�"�.1"7T
'��@�DG!�)0�0LE%�
0 'R�)�KJZ�����C�)4BJZ���i��"��X6���.1�@4B�
Jh6?�7�X6?�
6?�
��"I&��/[^�!� �
J].(6��)�?��6?.1�
"�0)MQgE>2_^E$���!"{6����/6��
6H�
�
"I&��X[R�)�L�5J].(6?�!�?�56�.1��"70�E%�
0B� �D_ �9���7_^6������!�X��&�"70L�
J]�1�!"�T
6�� ��_ �9�9��Ek�)�@�2&�0��!4B6?�Y6�&�"��X6?�7�l85�
��.1�
"�G!�
�)0K6?.(�Y�56��)0!M �L"�G!�l6����l6�&�"�.1"7TY'����50��/���
4B[R�)�)" G)���C'��1��6?�!4o_�6?���w8
�5��.|�5"�G)�w���!�Y�
.("��)4:t7uD�)4BJZ���$6?�7�
���!�Y�5.1"�.("�TX.(6��)���56?.(��"�0)M
N�6w�P�
GH�z0@6?�
T��
_o6����2��8��!�?�
�(��8
�5��.|�5"�G)�/E%�
0Q�)0K6?.(�Y�56��)4a[>VaG!����'7&76?.("�T�6?���X85�
�@.|�
"7G)�2���56?�@.Uu;�
J

6?�7��0@.1�X&��1�56?.(��"B��&D6?'�&76)M?;����L6����C[�.1�C�D4��
��6?�
��T���6?0!_r6����28
�5��.|�5"�G)�S�
Jk�P�
GH�q���\4��2E%�
0l�!0@6�.1���56?�!4
[>VF4�.U8D.(4�.1"7T/6?��� '��
�?�
�C�!6��)��0@'��
G)�w�
�(��"�TX6����Lt���0K6�4�.1�C�)"�0@.1��"Y���
�(J E%�PV�[R�!6WEk�)�!";6?�7�w�C�\4��)0!Mh�����
0?�5��'��(�h8
�5�1&��!0r.("l�)�
GH�X���5�(J|fW0@'��
G!�]Ek�)�@�k6����)"l&�0��!4/6?���)0K6?.1���56��]6����OG)���@���)0@'^�
"�4�.1"7Ti�C�D47�]85�
�@.|�
"7G)�
M
������G)&70@6?�
� .1"74��)'R�)"�47�)"�G!��'�����'R��0��
�DE%�
0�G!��"�0@6���&�G�6?�!4CJZ�@��� �).(6����)���,0�.("�T��1�k�X&��U6?.(85�
�@.|�56��]"����Kf

���
�I4�.10K6?��.([�&76�.1��" JZ���r&�"�.(���\4��
��6?�
��T���6?0!_
���}JZ����� ����.vuD6�&����O�
J�6WEk�L� �\&��
�1�UV E%�!.1T��>6?�!4X�X&��U6?.U8
�5��.|��6?�
"����@�Y�5�o4�.10K6?�@.1[�&76�.1��"70�JZ����[�.1�C�\4��
�^6?�
��T
�!6?0!M�g]�
GH�;"��������
�yE%�
0�G)�!"I6��)�@�)4a�56$�
"��l�5J�6����l'R��0K6?�)�@.1���
�C�D4��!0Q�
"�4aE%�
0w�
0�0@.1T�"��!4{�).(6����)�L6����26?�@&��2��� �)0K6?.(�Y�56��)4B85�
�@.|�
"�G!�2�
JO6?���2�C�D47�
MX���
6?�26����56 6?�7�
.1"74��)'R�)"�47�)"�G!�L'����
'^��0��
��&�0�.("�Tl6����i6���&���85�
��.1�
"�G)�$�
Jy6?���i���\4��)0O0�.(�X&��1�56?�!0O47.1���!G!6��(V2JZ���
��6?����6?��&7�
6H�5��T���6�4�.10K6?�@.1[�&76�.1��"C.1"F��8��!�@V�G)�
0�� ��uDG)�)'D6�6?���Q`��P�P8IVDNi"�4��m.1T
�I6�6?�
��T
�!6PM�;��
�k6?�7�Q`i�P�P8IV\N,"�4��}.(T��>6
6H�5��T���6�6?��� .("�4��!'^�!"�4��)"7G)�Q'����
'^��0��
�oT�.U8��!0����I&��
�yEk�).(T��>6�6?�X6����L6WE%�S�C�D47�)0%E$���!":6����L6?�@&�� 4�.(0@6?�@.Uf
[�&76�.1��";T�.(8
�)0,6����/0@�Y�5�1�1�!�l*+.1" �
���)�>-��C�\4��l0@�!8
�)"a6?.(���!0i�C�����QEk�).1T
�I6)M,���I&�0!_o��uDG)�!'76Q.1":6?��.(0,��"7�
GP�50��
_�6���.10/.1"�4��!'^�!"�4��!"�G)�F'��@��'R��0?�
�OT�.U8��)0l6?����[R�)0K62'R��0�0@.1[��(�Y'R�)�@JZ�
�����
"�G)�CJZ���X�;0?�
�C'��1�!�wE$�7.1GH�
���
.1">6H�5.1"�0��
"��(V��S0@.1"�T
�1� G)&7�����!">6i0K6H�56��
M
�����,���
"�4��
�SfxE��
�(<S9;��6?���
'^���(.10]0?�5��'��(�)�hE%�
0%G!��"�0@6���&�G�6?�!4F&�0�.("�TX� "�fx85�
��.1�56?��"��
�����
��4�.10K6?�@.1[�&Df

6?.(��"oM2�����285�
�@.|�
"�G!�XE��50l0@�!6Q6?�F6?�7�C<I"���E$"q���Q�)0@6�.1���56?�!4{�
8
�)���
�1��85�
�@.|�
"7G)�20�G)�
�1�!4q[>V . � 	 % � _m6?�7�
��'76�.1���
�r0�GP�5�1.1"7T�J+�5G!6?�
�L4��)�@.(8
�)4 [>VA> �)�(�Y�5"a�!6w�
�AM�*:� ������-�M/�����SG)���C'^�
"��)">6WE$.10@�S�?�
"�47���SfxE��5�1<
9;��6?���
'^���(.10�0��
�C'��1�!��&�0��!4B�X6?�7� &�"�.(85�
�@.|�56��L"����@�Y�5�y'��@��'^�
0?�
�yE$.U6?�F85�
��.1�
"�G!� 0��!6 + 8 � � . 6�.1�C�)0�6?�7�
6?�@&��Q�����)0K6?.(�Y�56��)4����
��T�.("��
�R8
�5��.|�5"�G)� �
Jr6?�7�w'��
�?�
�C�!6��)��[R�).("�TS&�'^4��56?�!4oM
�����l�,�L#nE%�
0iG!��"�0K6?��&7G!6?�!4B�
0�47�)0�G!��.([^�!4;.(":0@�)G�6?.1�
" + M=� E$.(6��F6?���L85�
�@.|�
"�G!� �Y��6?��.vu Z 0���6�6��

� �



6?�7�S��8
�)���
T��S�
JO6?���X6���&��2��� �!0@6�.1���56?�!4B8
�5��.|�5"�G)�!0 �
J]6?���S.1"74�.(8\.147&��
�r���\4��)0!M/�����S0@GP�
�(.1"�TYJ+�5G!6?�
�
Y . E%�
0�0���6�6���� 8 � 0 �- 5 ������ M

� ��� � �D� 	 �
��Ek� 0���6?0C�
JL0@.1�X&7�|�56�.1��"�0lE%�!���:��&�"oMd������t���0K6Y0@�!6C&�0��!4e6H�5��T���6�47.10@6���.([�&76?.(��"�0X47�!t�"��!4n.1" JZ��&7�
4�.(���!"�0�.(��"�0)_r�
"74z6����S0��)G!��"�4 0@�!6l&�0��!4 4�.(0@6���.1[7&76?.(��"�0L4���t�"��!4 .1"a6WEk�)">6WV 47.1�C�)"�0@.1��"�0!M�;��
� [^�
6��
0���6?0i�
J�0@.1�X&��1�56?.(��"�0!_D6?�7�/�i�L#b&�0@�)4 + �9�CG!���C'^��"7�)">6,0K6H�56��)0!M���E%�!">6WV 6?�@.|�
�(0%Ek�)���l'^�!�@JZ���@���!4:JZ�
�
�P�5GH�;G!���X[�.("��56?.(��"F�
J�0?�
�C'��(�)�)_D6H�
�@T��!6$4�.(0@6���.1[7&76?.(��"o_��5"�4�"\&7�X[^�!�$�
J�G!����'R��"��!">6?0)M
�����S0@6?�56?�!0 �
JO�P�
GH�{0?�5��'��(�)�,Ek�)�@�S�?�
"�47�����UV:.1"�.U6?.|�5�1.1�!�)4�6?�F��"7�X�
J]6?���2�C�\4��)0L�5JO6����X6H�5��T���6

4�.(0@6?�@.1[�&D6?.1�
"B'��1&70Q��0����
�1���?�
"�47��� 4�.(0�'��1�
G)�!���!">6�C ('&�� *� )	�  * 3 / % � 8 �9� 3P-�_yE$���!��� 3 / .10i6?���2'R�P�
<
�
J�6���� H 6?�B�C�\4��
M$����.(0,�C.1�C.1G)0�6����/'7�?�
G�6?.1G!�l�5Jh.1"�.U6?.1�
�1.(�).1"7T/6?���X9B#�9B# 0?�5��'��(�)�@0i&�0@.1"�T����\4��!0
�1�\GP��6?�)4F8\.|�S�2"I&��C�)��.(GP�
�y�Y��uD.(��.(�P�56�.1��"C6?�)GH�7"�.!�I&��5M

�D.1"7G)�L6?�7� '���.(�Y�
�KVCG)��0K6i�5J��C��0K6�9B#�9B#c0�.1�/&��|�56�.1��"70k.(0%6?��� ��uD'^�!"�0��w�
Jr�!85�
�(&��56?.("�T/6����C*+&�"\f
"����@�Y�5�1.1�!�)4�-�4��!"�0�.U6WV��
Jm6����,6?�
��T���6�4�.(0@6���.1[7&76?.(��"o_>6?���,���)0@&��(6�0��
�@�L4�.(0�'��1��V
�)4F.("�6?�!���C0��
Jm6����i6��
6H�
�
"I&��X[R�)�l�
J$�1.(<
�)�(.1���\�\4a�!85�
�1&��56?.(��"�0w�?�56����)�w6?���
"q.1"q��uD�)G!&76?.(��" 6?.(���5M ;����Q6?�7��JZ��&��w4�.(���!"�0�.(��"��
�
0�.(�X&��1�56?.(��"o_hG)&7�X&��|��6?.(8
�F&�"�.U8
�5��.|��6?���C�P�
"70��5"�4 �I&��5"I6�.1�(�)0XEk�)���:G)�
��'�&D6?�)4e�5J 6?�!����_ �9�9�7_ + _ �9�9�7_
�7_ �9�9�7_ � _ �9���7_ � _ �9�9�7_}�5"�4 � �7_ �9�9��.(6��)���56?.(��"�0)M ;����,6?�7�S6WEk�)">6WVz4�.(���!"�0�.(��"��
�r0�.(�X&��|��6?.1�
" E%�SG!���Sf
'�&76��)4XG!&��X&��1�56?.U8��O&�"�.U8
�5��.|��6?�]���)�
"�0��
"�4 �I&��5"I6�.1�(�)0���J 6?�)�E� �7_ �9�9�D_ + �D_ �9���7_9�9�D_ �9���7_ � �7_ ���9�7_ � �7_ �9�9�7_
�
"�4A� �9�D_ �9���X.(6?�!�?�56�.1��"70)M

;�����6?�7��0��
�C'��1�!��0�E$��.(GH�S&�0��!4C6�����6?��&7��'^��0K6?�!��.1�
��85�
��.1�
"�G)�5_�"��w�56@6?�)�C'76�E%�
0]���
4��%6��w��uDG)�1&74��
[�&��@"DfW.("{.(6?�!�?�56�.1��"70L0�.("�G)�26?�7�20?�
�C'��1�!��0LEk�)�@��0K6H�
�K6?�)4q�56Q'R��0@6��)�@.1��� �C�D47�)0)M ;����i6?���S�X&��U6?.vfW0@6?�
T��
6?&7"��)4;0?�
�C'��1�!��0!_76?���w.(6��)���56?.(��"�0�4�&7��.1"7TC6���� 6?&�"�.("�TS'����
0@��* 6?���Qt��@0@6 ��
��2�
J�6?���Q.(6��)���56?.(��"�0H-kEk�)�@�
4�.(0�GP�5��4��!4zE$���!"qG!���C'�&76?.("�TF�|��6?�)�,0�&��C�Y�5�@VB�C�P�50�&��@�)0)M �,8
�)�?�5�1���C�P�
"{0 �\&��
���!4q�!�����
��0�*x9 �Dg]0?-
Ek�)���QG!����'7&76?�!4:JZ�@��� 6����Q&�"�.U8
�5��.|��6?�,0@&��C�Y�
�KV��C�P�
0@&����!0�[>VFG)���(�|�
'70�.1"7T2�
G)�@��0�0$4�.(���!"�0�.(��"�0��5"�4
0�.(�X&��1�56?.(��"d�@&�"�0!M 
��!�|�56�.(8��;�!�CG).(�)"�G�VeE%�
0�6?�7�)" GP�5�1G)&7�|�56��)4 �
0�6?���B���56?.(� �
JQ6����{9 �7g �
JQ6?�7�
0?�5��'��(�)���
J�.1">6��)���!0@6���8��!�$6����l9 �7gn�
Jr6?�7�w.("�4��!'^�!"�4��)"7G)�w'�����'R��0��
�xM

� �



� � � � � � 	���� �
�D&��C���
��.(�)0]�
Jo6�����JZ�
&��k47.1�C�)"�0@.1��"��5�����)0@&��(6�0��
�@�iT
.(8��!"Y.("�6H�5[��1�!07�7_ � �5"�4��DM�~W"F�
4�4�.U6?.(��"o_1;�.(T�&����
� T�.(8
�)0]���!'����!0��)">6?�56?.U8��,'7�1�
6�0h�
Jy6����i9 �7g JZ����6����i�!0@6�.1���56?�!4C�C�P�5"C�5Jo�P�5GH�Y0?�5��'��(�)�]�
0O�LJZ&�"�G�6?.(��"
�
Jo6����,"I&��/[^�!�%�
Jm.U6?�!�?�56�.1��"�0!M��D&7�����
��.(�)0]�
Jo6����i6WEk�)">6WVY4�.1�C�)"�0@.1��"��
�����!0�&��U6?0��5���,T
.(8��!"Y.("�6H�5[��1�!0

7_ � �
"�4 � M ~W"c6?���B6?�
[��(�)0��
"�4 t�T
&����!0)_,Ek�{&�0��a6?�7�{JZ�
�1�1��E$.("�T �
G!����">V\�C0�C �@~W"�47�)' � JZ����6?�7�
.1"74��)'R�)"�47�)"�G!�:0��
�C'��1�!�)_ �?#��,9 � JZ���/6?�7�FG)���C'^�
"��)">6WE$.10@�:9;�!6�����'R���(.10/0��
�C'��1�!�)_ ���,9 � JZ���/6?�7�
�?�5"�4����2f�E%�
�1<Y9;��6?���
'^���(.10�0��
��'7�1�)�!_��
"74 ���i�L# � JZ����6?�7�l���������
�y�Q�!��"��!��#%��&�'��(�)�)M
�����X0@.1�X&��1�56?.(��"����!0�&��U6?0,0@����E 6?���56)_o�
0i��uD'R�)G!6��)4o_^6?���lG)&�0K6?��� .1"�47�)'R�)"�4��!"�G)�2'7����'R��0?�5��T�.U8��!0

6?�7���1��Ek�)0@6S9 �7g E$���)" 6����Y6?�@&��YG!��8
�5��.|�5"�G)���5J�6?���Y���\4��)0l.10l<\"7�
E$"yMBpc���)" 6����Y6?�@&��YG!��8
�5��.Uf
�
"�G!�S.10 &�"�<I"���E$" �5"�4{�X&�0@6w[R�S�)0@6�.1���56?�!4o_o6?�7���i�L# ���
0 6?���S[R�)0@6w��8��!�?�
�(�h'^�!�@JZ���@�Y�5"�G)�5M2�����
'R�)�@JZ�
�����
"�G)�Q[R�)"���t�6i�
J�6����w�,�L# .10$���
���Q�
'�'��
���!"I6i.1"�6WEk�)">6WV:4�.1�C�)"�0@.1��"70$6����
":.1"FJZ��&����
"74;.(0
�)0@'^�!G).1�
�1�UVYG!�1�P�5�%JZ���%6���� 6WE%�!"I6WV�47.1�C�)"�0@.1��"��5�^�X&7�(6?.vfW�C�D4��
��4�.10K6?�@.1[�&76�.1��"70)Mh���
6H�
[7�(V�_\6?��� � 6�&�"��!4 �
�,�,#,_^.(0$�����@�l���CG).1�!">6L��8��!�?�
�(�}6����
";�).(6����)���
J�6?���X9;�!6�����'R���1.(0�0?�
�C'��(�)��0�G)�
"�0@6���&�G�6?�)4a&70�.1"7T�6?�7�
6?�@&�� G)��85�
�@.|�
"�G!� �
Jr6?���L6?�
��T���6$4�.10K6?�@.1[�&76�.1��"yM�����.(0��@�)0@&��(6$���
�14�0%JZ�
��[^�
6��F&�"�.(���\4��
�y�
"�4�[�.1�C�\4��
�
4�.(0@6?�@.1[�&D6?.1�
"�0)M
pc���)"B6����Q8
�5��.|�5"�G)�w.10��P�
0KV�6?�Y�!0@6�.1���56?�5_^�50,.10$6?�7�lG)�
0��X�5J�6H�5��T���6?0iE$.U6?�;0�'����!��.(GP�
�r���\4��!0i.("

JZ��&��w4�.(���!"�0�.(��"�0)_}6?�7�Y.1"74��)'R�)"�47�)"�G!��'����
'^��0��
�hE$.(6��q6?�7���X&7�(6?.vfW0K6H�
T��X6�&�"�.("�T �C�!6����D4q'^�!�@JZ���@��0
�56F�(�P�
0K6��
0�Ek�)�(�L�
0�6����{�,�,#,M�g�8��)" .1"n6����BG)�
0��!0�E$�7�)���a6����B6?&�"7�)4c.1"�47�)'R�)"�4��!"�G)�{'��@��'R��0?�
�
'R�)�@JZ�
���C�)4�[^��6�6��)��6?���5":6����w�,�L#,_�6����Q'^�!�@JZ���@�Y�5"�G)� �(��0�0$[>VF&�0@.1"�T26?�7�l�i�L# E��
0i�56$�C��0@6 � ����M
�������,�,# 0@�)�!��0h6?� ����8
��6?����T
���P��6?�)0K6]'^�!�@JZ���@�Y�5"�G)��[R�)"7�!t�6hE$���!"26?����85�
�@.|�
"�G!���
J�6��������\4��!0

.10$4�.U�CG)&��U6�6����!0@6�.1���56?�5M%�����l'^�!�@JZ���@�Y�
"7G)�Q[^�!"��!t76L�
J�6?���l�,�,#b�
8
�)��6?���w�
6?�7�)�$6?&�"��!4 �C�!6����D470
JZ�����C����� 47.(�CG)&��U6$'����
[��1�!��0%E%�
0��
J 6?�!" � �9��� �5"�4�0����C�!6�.1�C�)0�0���8��!�?�
�}���@4��)�@0��5J����
T�"�.U6?&�47�
M
���5<
�)" 6���T���6?���!�)_�6����Y0@.1�X&7�|�56�.1��"{���!0�&��U6?0l0�����E 6?���56l6������i�L# ��&D6?'R�)�@JZ�
���C0w6����YG!�����C��"��UV

�
'�'7�1.1�!4 ���
"�4����2f�E%�
�(<�0?�
�C'��(�)��0!_y�5G)���
0�0 �C�?�
"�T
�/�
Jh'7����[��(�)� 6WV\'^�!0 �
"�4 4�.1�C�)"�0@.1��"70���8��!"{E$�7�)"
6?�7�)0��Q&�0@�L6?���i6?��&7� '^��0K6?�!��.1�
�%85�
��.1�
"�G)�,�
"�4F6?�7� �@��'76�.1���
� � 0�G)�
�1.("�T�M����7�Q�,�L#c�
�(0��2��&76�'^�!�@JZ���@��0
6?�7�wG!&�0@6���� .1"74��)'R�)"�47�)"�G!�l0��
��'7�1�)�kE$���)":6?��� 6?�@&��Q���\4��L85�
�@.|�
"�G!� .10�&�"7<\"7�
E$"yM

� �



���
[��1� ��CYNi�1�kJZ�
&��X4�.(���!"�0�.(��"��
�O4�.10K6?�@.1[�&76�.1��"70�CY9 �7g ��6�� �7_ �9�9� .U6?�!�?�56�.1��"�0!Mq9 �7g 85�
�(&��)02����8
�
[R�)�)"��X&��U6?.1'7�1.1�!4X[>V�� � �����%�5"�4Y�5�����
G)G!&��?��6?�$6?� E$.(6���.1"�� �9����M]�i�
6���6?���56]6���� �@~W"�4��!' � 0��
��'7�1�)�
E$.(6��Y6?�7� �@�r��&�� � 85�
��.1�
"�G)��0?�5��'��(�)0k4�.1�@�)G!6��(VSJZ���
� 6����,'R��0K6?�)�@.1���O4�.(0@6?�@.1[�&D6?.1�
"Y��uDG!�)'76�.("���"��iGP�
0@�
*A`��P�P8IV\N,"�4��m.(T��>6�-�M

�O�
�@.|�
"7G)� 9;�P�
" + M � ���L&��
">6?.(�1� ���DM � ��� &��
">6?.1�(� N,G!G)�)'D6
�7�5��'��(�)� gh0K6PM 9 �7g 9 �7g 9 �7g 
��56��
~W"�47�)' �r��&�� �9� � + � �1+ � �DM ���
#��,9 �r��&�� � + �\_ �9��� ��� � _ �9�9� � �9�D_ �9�9� �DM=� �
�,9 �r��&�� � �9�D_ ��� �9�7_ � �9� 
�� � �DM=�9�
�i�L# �r��&�� ��+ � � �9� � ��� �DM ���
~W"�47�)' ��f �I6H�
T�� �
_ � � � 
7_ �2� � 
�� � �DM � �
#��,9 ��f �I6H�
T�� � + �\_ �9��� �9�9�7_ �9�9� � �2��_ �9�9� �DM ��

�,9 ��f �I6H�
T�� � +9+ _ �9��� ��� � _ �9�9� � � ��_ �9�9� �DM � �
�i�L# ��f �I6H�
T�� � � 
 +�� � �9�9� �DM � �

���
[��1� � C ��"�.1�C�\4��
��JZ�
&�� 4�.1�C�)"70�.1�
"��
��47.10@6���.([�&76?.(��"�0 Cw9 �7g �56 ���7_ ���9�F.(6?�!�?�56�.1��"70)MS9 �Dgb8
�5�1&��!0
���P8��2[R�)�!"{�X&��(6�.1'��(.1�!4;[>V � � ��� � �
"�4{�
�@�2�
G!G)&����56?�X6���E$.(6?�7.1"�� �9����Mw�i�
6��/6?���56L6?�7���@~W"�4��!' �
0?�5��'��(�)��E$.U6?�F6?��� �@�r��&7� � 8
�5��.|�5"�G)� 0��
��'7�1�)0�47.1���!G!6��(VYJZ�@��� 6����Q'^�
0@6?�!��.(����4�.10K6?�@.1[�&76�.1��"yM

�O�5��.|�5"�G)� 9;�P�
" + M � �	� &��
">6?.1�(� ���DM � �	�L&��5"I6�.1�(� N,G)G!�)'76
�D�
��'7�1�)� g]0K6PM 9 �7g 9 �7g 9 �7g 
��56��
~W"74��)' �r��&7� � + + _ 
���� + _ � ��� �
M �9�
#��,9 �r��&7� � � _ ����� + �D_ ���9� � � _ � �9� �DM ���
�,9 �r��&7� � � � �D_ � �9� �D_ � � � �DM + �
�i�L# �r��&7� � 
 ��_ � + � ��_ �9��� �DM �9�
~W"74��)' ��f �\6H�
T
� � �9� �7_ � + � �D_ ���9� �DM �2�
#��,9 ��f �\6H�
T
� � �D_ 
9��� + �7_ �9�9� � + _ ���9� �DM ���
�,9 ��f �\6H�
T
� � _ � � � �D_ � �9� �7_ � ��� �DM +��
�i�L# ��f �\6H�
T
� ��
 ��_ 
 + � ��_ + �9� �DM �9�

� 




���
[��1���2C��%.(���\4��
�]JZ��&��/4�.1�C�)"�0@.1��"��
�k47.10@6���.([�&76?.(��"�0 C�9 �Dg��56�� �D_ �9���B.(6?�!�?�56�.1��"70)Mq9 �7g 8
�5�1&��!0
���P8��2[R�)�!"{�X&��(6�.1'��(.1�!4;[>V � � �����Q�
"�4{�
�@�2�
G!G)&����56?�X6���E$.(6?�7.1"�� �9����Mw�i�
6��/6?���56L6?�7���@~W"�4��!' �
0?�5��'��(�)�%E$.U6?��6���� �@�r��&�� � 85�
�@.|�
"7G)� 0?�5��'��(�)0�47.1���!G!6��(VCJZ����� 6?��� 'R��0@6��)�@.1����47.10@6���.([�&76?.(��"Y��uDG)�)'D6,.("
��"��QG)�
0���*A`��P�P8IV\N,"�4��m.(T��>6�-�M

�O�
�@.|�
"7G)� 9;�P�
" + M � ���L&��
">6?.(�1� ���DM � ��� &��
">6?.1�(� N,G!G)�)'D6
�7�5��'��(�)� gh0K6PM 9 �7g 9 �7g 9 �7g 
��56��
~W"�47�)' �r��&�� � � � � � � �D_ �9��� �DM ���
#��,9 �r��&�� + � � _ �9��� �D_ � ���7_ �9�9� + _ � �9�7_ �9�9� �DM ���
�,9 �r��&�� � � _ ����� � � �D_ �9�9� 
7_ ��� � �DM � �
�i�L# �r��&�� � �9� ��_ � + � �D_ ��
9� �DM ��

~W"�47�)' ��f �I6H�
T�� �D_ ��� � �9� �D_ �9�9� 
7_ 
���� �DM � 

#��,9 ��f �I6H�
T�� + � �\_ �9��� �D_ +9+ �7_ �9�9� + _ 
2� �7_ �9�9� �DM � �
�,9 ��f �I6H�
T�� + � �D_ �9��� 
7_ � �9�7_ �9�9� �7_=� 
9�7_ �9�9� �DM �9�
�i�L# ��f �I6H�
T�� ���9� �7_ � � � �D_ � 
9� �DM �9�

���
[��1��
�C�Ni�1��6WE%�!"I6WV�4�.1�C�)"�0@.1��"��
��4�.10K6?��.([�&76�.1��"�0 Ch9 �Dge�56 � �9�7_ �9�9�w.(6?�!�?�56�.1��"70)M]9 �Dg385�
�(&��)0�����8
�
[R�)�)"��X&��U6?.1'7�1.1�!4X[>V�� � ��� � �5"�4Y�5�����
G)G!&��?��6?�$6?� E$.(6���.1"�� �9����M]�i�
6���6?���56]6���� �@~W"�4��!' � 0��
��'7�1�)�
E$.(6��Y6?�7� �@�r��&�� � 85�
��.1�
"�G)��0?�5��'��(�)0k4�.1�@�)G!6��(VSJZ���
� 6����,'R��0K6?�)�@.1���O4�.(0@6?�@.1[�&D6?.1�
"Y��uDG!�)'76�.("���"��iGP�
0@�
*A`��P�P8IV\N,"�4��m.(T��>6�-�M

�O�
��.1�
"�G!� 9;�P�
" + M � �	�L&��
">6�.1�1� �9�DM � �	�L&��
">6?.(�1� NiG)G)�!'76
�7�
�C'��1�!� gh0@6)M 9 �7g 9 �7g 9 �Dg 
i��6?�
~W"�4��!' ���@&�� � � �
_ ��� � � _ � + � �7M ���
#��L9 ���@&�� ��_ + � �7_ �9�9� �7_ � + �D_ �9��� ��_ � � �7_ �9�9� �7M � �
�L9 ���@&�� ����
7_ �9�9� + _ � �9�D_ �9��� ��_ �9�9�7_ �9�9� �7M �9�
�,�,# ���@&�� ��� � _ �9�9� + �\_ + ��� � � _ ���9� �7M � �
~W"�4��!' �
f �\6?�
T�� ��_ � 
9�7_ �9�9� ��_ � � �D_ �9��� �7_ 
�� �7_ �9�9� �7M +��
#��L9 �
f �\6?�
T�� ��_ + �9�7_ �9�9� �7_ �9�9�D_ �9��� ��_ � + �7_ �9�9� �7M � �
�L9 �
f �\6?�
T�� ��_ + � �7_ �9�9� + _ ��
9�D_ �9��� ��_ 
9�9�7_ �9�9� �7M ���
�,�,# �
f �\6?�
T�� ���9�7_ �9�9� + � �
_ �9��� + �7_ �9�9� �7M �9�

� �



;�.1T
&���� �2CO9 �7gdJZ�����C�P�
"70$JZ�@��� 6���� JZ��&��$4�.(���!"�0�.(��"��
�^0�.1�/&��|�56�.1��"yM���Ek�Y�@�)'��@�)0��!">6H�56�.(8��w'��(�
6?0!M

2000 4000 6000 8000 10000

0.
00

0
0.

00
5

0.
01

0
0.

01
5

0.
02

0
0.

02
5

0.
03

0

number of iterations

M
S

E
 o

f m
ea

n

Independent Ideal
Independent 3Stage
CNM Ideal
CNM 3Stage
NM Ideal
NM 3Stage
NKC Ideal
NKC 3−Stage

���������
	���
��������������������������! 
�"��#$���

2000 4000 6000 8000 10000

0
10

20
30

40

number of iterations

M
S

E
 o

f m
ea

n

Independent Ideal
Independent 3Stage
CNM Ideal
CNM 3Stage
NM Ideal
NM 3Stage
NKC Ideal
NKC 3−Stage

%'&)(+*-,/.�0214345
687�9;:=<�>�?A@CB
6�.EDF0"G-<�.H6�I�G-J$0"DLKM:=?->ND=IOKQP�G-I�&80�&8:=DF:R?S3�TU0�6)7VI"68.
W J$0�DFDX6�I"G�J$0�DYKM:R?�>Z>�:=<�>ZP�G-I�&80�&8:=DF:R?S3

[�\



���
[��1� �2C ��"�.1�C�D4��
�56WEk�)">6WVl4�.1�C�)"�0@.1��"��
��4�.(0@6?�@.1[�&D6?.1�
"�0�C}9 �7g{�56E� �9�7_ �9�9��.(6��)���56?.(��"�0)M�9 �Dg 8
�5�1&��!0
���P8��2[R�)�!"{�X&��(6�.1'��(.1�!4;[>V � � �����Q�
"�4{�
�@�2�
G!G)&����56?�X6���E$.(6?�7.1"�� �9����Mw�i�
6��/6?���56L6?�7���@~W"�4��!' �
0?�5��'��(�)��E$.U6?�F6?��� �@�r��&7� � 8
�5��.|�5"�G)� 0��
��'7�1�)0�47.1���!G!6��(VYJZ�@��� 6����Q'^�
0@6?�!��.(����4�.10K6?�@.1[�&76�.1��"yM

�O�5��.|�5"�G)� 9;�P�
" + M � �	� &��
">6?.1�(� ���DM � �	�L&��5"I6�.1�(� N,G)G!�)'76
�D�
��'7�1�)� g]0K6PM 9 �7g 9 �7g 9 �7g 
��56��
~W"74��)' �r��&7� � �7_ � � � �7_ � ��� �
M �9�
#��,9 �r��&7� � � _ �9��� ��� _ + �9� +�� _ 
��9� �DM �9�
�,9 �r��&7� �D_ 
�� � � �7_ + �9� ����_ � �9� �DM=� �
�i�L# �r��&7� � � �9��_ ���9� ����_ 
��9� �DM ��

~W"74��)' ��f �\6H�
T
� � _ � � � �2� 
7_ �9�9� �9���7_ ���9� �DM ���
#��,9 ��f �\6H�
T
� � 
D_ �9��� � �7_ � �9� ���7_ ���9� �DM � �
�,9 ��f �\6H�
T
� �\_ �2��� � �D_ �9�9� ���7_ ���9� �DM �9�
�i�L# ��f �\6H�
T
� �
_ ��� � � �D_ ���9� � � _ ���9� �DM ���

���
[��1� � Ch�k.1�C�D4��5��6WE%�!"I6WVY4�.1�C�)"70�.1�
"��
��4�.(0@6?�@.1[�&D6?.1�
"�0�C�9 �7g=�56 � �9�7_ �9�9�Q.(6��)�?��6?.1�
"�0)M]9 �7g 8
�5�1&��!0
���P8��2[R�)�!"{�X&��(6�.1'��(.1�!4;[>V � � �����Q�
"�4{�
�@�2�
G!G)&����56?�X6���E$.(6?�7.1"�� �9����Mw�i�
6��/6?���56L6?�7���@~W"�4��!' �
0?�5��'��(�)�%E$.U6?��6���� �@�r��&�� � 85�
�@.|�
"7G)� 0?�5��'��(�)0�47.1���!G!6��(VCJZ����� 6?��� 'R��0@6��)�@.1����47.10@6���.([�&76?.(��"Y��uDG)�)'D6,.("
��"��QG)�
0���*A`��P�P8IV\N,"�4��m.(T��>6�-�M

�O�
��.1�
"�G!� 9;�P�
" + M � �	�L&��
">6�.1�1� �9�DM � �	�L&��
">6?.(�1� NiG)G)�!'76
�7�
�C'��1�!� gh0@6)M 9 �7g 9 �7g 9 �Dg 
i��6?�
~W"�4��!' ���@&�� � 
 � � �D_ �9��� �7M ���
#��L9 ���@&�� + _=� 
9�7_ �9�9� �D_ � �9�D_ �9��� + _ � � �7_ �9�9� �7M ���
�L9 ���@&�� ��_ � � �7_ �9�9� � _ � �9�D_ �9��� ��_ �9�9�7_ �9�9� �7M �9�
�,�,# ���@&�� + � ��_ �9�9� ���\_ �9��� +�� _ � �9� �7M �9�
~W"�4��!' �
f �\6?�
T�� + _ � � �7_ �9�9� ��_ ��+ �D_ �9��� 
7_ �9�9�7_ �9�9� �7M � �
#��L9 �
f �\6?�
T�� + _=� � �7_ �9�9� �D_ + � �D_ �9��� + _ 
9�9�7_ �9�9� �7M � �
�L9 �
f �\6?�
T�� + _=� 
9�7_ �9�9� �D_ � ���D_ �9��� + _ �9���7_ �9�9� �7M ���
�,�,# �
f �\6?�
T�� ������_ �9�9� � � � _ �9��� +�� _ + �9� �7M � +

� �



;�.1T�&��@� 
�CO9 �7g=JZ�������)�
"�0�JZ���
� 6WEk�)">6WV:4�.1�C�)"�0@.1��"��
�o0�.(�X&��1�56?.(��"oMr��E%�����)'7���)0@�)">6H��6?.(8
�l'7�1�
6�0)M

2e+04 4e+04 6e+04 8e+04 1e+05

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

number of iterations

M
S

E
 o

f m
ea

n

Independent Ideal
Independent 3Stage
CNM Ideal
CNM 3Stage
NM Ideal
NM 3Stage
NKC Ideal
NKC 3−Stage

���������
	���
��������������������������! 
�"��#$���

2e+04 4e+04 6e+04 8e+04 1e+05

0
10

20
30

40
50

60

number of iterations

M
S

E
 o

f m
ea

n

Independent Ideal
Independent 3Stage
CNM Ideal
CNM 3Stage
NM Ideal
NM 3Stage
NKC Ideal
NKC 3−Stage

%'&)(+*-,/.�0214345
687�9;:=<�>�?A@CB
6�.EDF0"G-<�.H6�I�G-J$0"DLKM:=?->ND=IOKQP�G-I�&80�&8:=DF:R?S3�TU0�6)7VI"68.
W J$0�DFDX6�I"G�J$0�DYKM:R?�>Z>�:=<�>ZP�G-I�&80�&8:=DF:R?S3

���



� ���������	��

���	����������������������������
! ������"�$# �&%(')������*�
,+&��
,�.-�
,�0/

���213�

46587:9<;	=>9	;<?@?BA2C:7:D:;<=FEHGI5J7KC:L!MN;	=>G8OPEH;	7:;"QSRB9T9VUW587:EH;<A>D:C:=FRB7:EX7:;	G8Y:?Z58A[QSRB9!Y:=FG8EH=F;<AFAFRBGH7$\�R@7]9	?@C]D:R@7:E
?@G8AFA�G8O2;	7^QFR@=F;I9VU:=_GHL`G8AFGHL�;0A_;	9"QSR@G87:A	a.bcU:;<7d587.RB7:D:RfegRBD:CW58?hYW5iQSRB;	7^Q`UW58A`QkjPGlD]RBmn;	=F;<7^QJ58?B?@;	?B;	A
OoGH=p5qYW58=[QSRB9	C:?@58=>EH;	7:;i\rQSU:;`?@GHA_ApGiO�5q9VU:=FG8L`GHA_GHL�;`A_;	9<QFR@GH7l9	GH7^QV5iR@7:RB7:E0G87:;J58?B?@;	?B;TM^st58M]7:GH=FL`58?
9	;<?@?BA	\uQF;	=_L`;<DwvFxyGHA_AXG8OTz�;<QS;<=FGH{"s|EHGHAFRfQks|}�~�x��2z���\69�5i7�MN;�D];<QS;<9<QF;	D�C]AFR@7]E�?@58MnG8=S5iQFGH=_s�58AFAF5�sgA<a
4hU:=_GHL`G8AFGHL�;r=F;<EHR@G87:A$j�RBQFU2U:R@EHU2=F5iQS;<A�G8Ogx��2z�58=_;�U^sgYNG8QFU:;	A_R@{	;<D
QFG�9	GH7^QV5iR@72EH;<7:;	Ayj�U:RB9VUp=_;	EHC:?@5iQS;
9	;<?@?$MN;	U:5�e|RBGH=�AFG&QSUW5iQ�?BGHAFA�GiO�QFU:;	A_;p=_;	EHRBGH7:A�D:RBAS58M:?B;	A�RBL`YNGH=_QS587^Q�9	;<?@?BC:?Z58=h9	GH7^QS=_GH?@A<a

� U:;��g;�5�QFQS?B;��65i=F=F;"QFQ	��AX��AFG8Y:UW58EHC]AI=_;	A_;�58=_9VU�Y]=FG��_;<9<Q�~��h58=F=_;<QFQ�;<QI58?�aB\>���H�8�^��UW5iA�9	GH?B?@;<9<QS;<D
x��2z(=S5�QS;	APOo=FGHL�;	A_GHY:UW5iEH;�58?n9�587]9	;	=_AhOoGH=P�^�,=F;<EHR@G87:A	\|;�589VUJG87J5,D:RBA_QSRB7:9<Qh9VU:=FG8L`GHA_GHL�;�58=_L0a � U:;
R@7^QF;	7^Q�R@ArQSG
?@G|9�5�QS;�v � C:L�GH=��gC:Y:Y]=F;	A_AFGH=h�2;	7:;<AF}J~ � �:�2AV�"\^j�U:G8AF;�D:;�589"QSRfe85�QSR@G87�9<GH7^QS=_R@M:C]QF;	A�QSG>QSU];
D:;"eH;	?BGHY:L�;	7^Q!GiO�;	AFG8Y:UW58EH;	58?�9�587:9<;	=X~ �W;�58=_GH7$\h���H�H¡]¢�£2?B;	R@7¤\P���8¡^¥H�"a04hU:=_GHL�GHAFGHL�;�=F;	E8R@GH7:A>j�RBQFU
U:RBEHU�=S5�QS;	A�G8OPx��2z¦~	v_A[sgA[QS;<L§5iQFR@9Tx��2zu}^��58=F;,UKs|YNG8QSU];	AFRB{	;<D¨QFG�9	G87KQS58R@7 � �]�>A<\3~�©�;<j�QSG87�;"Q>58?�aB\
���H�8¡]¢Nªq58=_AFUW58?B?«\y���8�]�¬�"a�­k7�5iD:D:RBQFR@GH7JQFG§x��2z®GiOr=F;<EHR@G87:A�9	GH7^QV5iR@7:RB7:E � �:�>A<\WQSU:;<=F;,RBA�58?@A_G`5�U:R@E8U

��RBEHC:=F;p¥g¯hzuRBA_QSG8EH=S58L°~ MW58=_A�5i7:Dq?B;<O±Qu5�²gR@AS��587]Dq³8;<=F7:;<?�D:;<7:AFRfQksI;	A_QFR@L`5iQS;`~o9	C:=[eH;!5i7:Dq=_R@EHU^Qu5�²gR@AS�
OoGH=6QFU:;
�658=F=_;<Q_Q��´Aux��2z�DW5iQS5]a � ;�²|Qu?@58MN;	?@A�E8RBeH;�QFU:;>?@G|9�5iQFR@GH7§G8O�;	589VUq9VU]=FGHL�GHAFG8L`;>58=_L0a

Proportion with detectible LOH

F
re

qu
en

cy

0.0 0.2 0.4 0.6 0.8 1.0

0
2

4
6

8

20q

21p

7p

15q

10q

20p

9q

8q

4q

6q

7q

12p

2q

10p

11p

1q

12q

16p

2p

17q

14q

19p

8p

3q

22q

6p

11q

16q

3p

4p

18p

21q

5p

19q

1p

13q

18q 9p 5q 17p

0
0.

25
0.

5
0.

75
1

D
en

si
ty

µg¶



?@;"eH;<?�G8OTv[MW589V³KEH=FG8C:7:D:}qx��2z j�U:RB9VUlRBA�QSU:GHC]EHU^Q
QFGXMn;�5J9	GH7]AF; � C:;<7:9	;i\r=S5�QSU:;<=>QFUW587�5J9�58C:A_;8\�G8O
7:;<GHY:?Z5iA_QSRB9�Y:=_GHEH=F;<AFA_R@GH7$a���U:RBA_QFGHEH=S5iL�G8O�QSU];
=_;	?@5iQSRfeH;�Oo=_; � C:;	7]9<sIG8O�x��>z�OoG8=6QSU:;
�658=_=F;"QFQ��´A�DW5iQS5
R@A�A_U:G�j�7qRB70��R@EHC:=_;>¥ga

� U:;>R@L�L`;<D:RZ5�QS;�E8G^58?$G8O�QFU:R@A�587:58?Bs|AFRBA�R@AhQFG&D:;<QF;	=FL�R@7];�QSU:;>Y:=_GHMW58M:RB?@RfQks`GiOrx��2z�OoGH=�MNG8QSUJQSU];
v_MW5i9V³|E8=FGHC:7]D:}!587]D � �:�)EH=_GHC:Y:A<a � U:RBA�j�RB?@?:;<7W58M:?B;�QFU:;�D:;<e8;	?@G8Y:L`;<7^QhG8O$5
A_R@L�Y:?@;hD:R@A_9	=FRBL`RB7W5iQFR@GH7
L�;<QSU]GgD$a��gRB7:9	;�QSU:;P?Z58MN;	?BR@7:E�G8OWQFU:;PQkjPG�EH=_GHC:Y:A�R@A�C]7:³K7:G�j�7$\Hjh;PL`G|D:;<?|QFU:;6x��2z Oo=_; � C:;<7:9<s,C:AFRB7:E
L�Rf²|QSC:=_;pL�G|D:;	?BA	\ 58AuD:;	A_9	=FRBMn;<D�M^s���;	AS5iR6~��8�H�H�^��a6bcU:R@?B;>AF;<e8;	=F58?�L�GgD];	?@A�UW5�e8;!Mn;<;	7�9<GH7:A_R@D:;<=F;	D¤\
jP;
j�RB?@?nOoG|9	C]A�G8705TU:RB;	=F58=F9VU:RB9�58?$�hR@7:G8L`R@58?��k�h;<QS5H�hR@7]GHL`R@58?]L�Rf²|QFC:=F;2L�GgD];	?«¯	�
 � 
 �hRB7:GHL�RZ58? ~�� 
������ �� ~ ��� 
 �r�h;"QV5��k�hR@7]GHL`R@58?o~�� 
���������� �
 �  7:RfO"! � � ��#��� �  7:RfO"! � � ��#��� �  7:RfO"! � � ��#� �  7:RfO"!$�&%H� � %H�'#
j�U:;<=F; 
 RBApQFU:;�Y:=_GHMW58M:RB?@RfQks¨G8Ou5q?@G|9�5iQFR@GH7�Mn;<R@7:E�5qL`;<L!MN;	=!G8O�QFU:;�M:RB7:GHL�RZ58?3EH=_GHC:Y$\ ��� RBA,QSU];
Y:=_GHMW58M:RB?@RfQks!G8O$x��2zcR@7&QSU:;uM:R@7]GHL`R@58?]E8=FGHC:Y¤\ ��� R@A3QSU:;�Y:=FG8MW58M:RB?@RBQks,G8O�x��2zdR@7`QFU:;�Mn;"QV5�� M:R@7:G8L`R@58?
EH=_GHC:Y$\W5i7:D � 9	GH7^QS=_GH?@A6QFU:;2ei58=FR@58M:R@?BRBQks&G8O�QSU:;>MN;<QS5��kM:RB7:GHL�RZ58? EH=_GHC:Y�~ G87IQFU:;>?@GHEHRfQ6A_9�58?B;��

bl;>UW5�e8;
Y:58=S58L�;<QF;	=_R@{	;<D�QSU:;>�P;<QV5(� �hRB7:GHL�RZ58? AFGTQFUW5iQ �)� R@A�5!ei58=FR@587:9<;�YW58=F58L`;"QS;<=�D:;+*W7];	DIGH7
QSU];I=F587:EH;,�&- . �/� .0-�a1�uA �/�32 �4- QSU];IMN;<QS5��kM]R@7:GHL�RZ5i?�MN;	9<GHL�;	A�5�M:R@7:G8L`R@58?h5i7:D�5iA�)�52 � - QSU];§MN;<QV5(�kM:RB7:GHL�RZ58?�Mn;<9	GHL�;	A,5IC]7:RBOoGH=_L D:RBA_QS=_R@M:CgQSR@G87�G876! � � ��#�a � U:RBAp=_;	A_C:?BQFApRB7�QSU];
C:7:7]GH=FL`58?@RB{	;<DJYnGHA[QS;<=FR@G8=�D:;	7:A_RBQks

7 ~ 
8�����9��������� �;: <= 
$>?�8@ ~BA 
��DC8
�E 
8�����9�����F��GH� � ~I�8�
GH7JQSU];
Y]=FR@G8=�=S587:E8;8\:j�U:;<=F;

@ ~JA ��CKE 
8�����9�����L��GH� �M: 
�N CAPO ��Q� ~[��� ��� ��R'S Q ~�%H�
� ~ ��� 
 � N CAPO T ~ �U�V �T ~+W�VU�V � T ~ � S W+VU(V � T ~BA � W VU�V �

T ~ C �XA � � S W�VU�V � T ~ C � �U(V ��Y�



587:D GH� : ���������
	� � ��� ���
�����
	�	
� 7:?BR@³i;hL�GHA_Q�L`R ²|QSC:=_;PL�GgD];	?@A<\�j�U];	=F;�5i?@?^G8OWQFU:;h9<GHL`YNGH7:;<7^QSA�9<GHL�;POo=FG8L)QSU:;6AF58L�;PYW5i=S58L�;<QF=FR@9
O 58L�R@?fsH\<QFU:;3Y:=FG8YnGHA_;	D>L�GgD:;<?8L�Rf²g;	A$QkjPG�D:RBmn;	=_;	7^Q�D:RBA_QS=_R@M:CgQSR@G87:A	¢�5�M:R@7]GHL`R@58?g~oj�RfQSU2GH7:;3YW5i=S58L�;<QF;	=V�
587:D�5�MN;<QS5��kM:RB7:GHL�RZ58?�~oj�RfQSU QkjhG�YW58=S5iL`;"QS;	=_AV��a�bl;0UW5�eH;0R@7^QS;<7KQFR@GH7:58?@?fstGHL�RBQ_QS;	D1*]²gRB7:E�j�U]R@9VU
L�Rf²|QSC:=_;h9<GHL`YNGH7:;<7^Q�9	GH=_=F;<AFYNGH7:D:ArQFG�QSU:;6M:589V³KEH=FGHC]7:D&EH=FGHC]Y&587:D,j�U:RB9VU&9	GH=_=F;	A_YnG87:D:ArQSG�QFU:; � �:�
EH=_GHC:Y�AFG>QSUW5iQ3jP;�9	587`D]R@AF9<G�eH;	=�j�U:R@9VU�G8OnQSU:;�QkjhGpYnG8AFAFRBM:?@;�5i=F=S5i7:EH;	L�;	7^QFAPRBA�Mn;"QFQS;<=PA_C:Y:YNGH=_QF;	D`MKs
QSU];pDW5�QV5]aK��A�5&9	G87:AF; � C];	7:9<;8\¤QFU:;pL�G|D:;	?yUW5iA�QkjPG§jP;	?@?�A_;	YW58=F5iQS;<D���������������� ��!�"$#�%�L`G|D:;	A<\ MnG8QFU
G8O6j�U]R@9VUtL`5�s¨9	GH7^QS=_R@M:CgQS;�9	GH7:A_R@D:;<=S58M]?@;�Y:=FGHM:58M:R@?BRBQks�L`58A_A	a � UKC:A	\�5i9	9	C]=S5iQF;§;	A[QSRBL§5iQFR@GH7¨G8OhQSU:RBA
YNGHA_QF;	=FRBGH=�D:;<7:AFRfQksJ=F; � C]R@=F;<Au;"m¤;<9<QFRBeH;>AF58L`Y]?@R@7]E!Oo=FGHL�MnG8QFUXL`G|D:;	A<a

&('
) *,+.-/-0+
132

� G,?@G|9�5�QS;�YnGHA[QS;<=FR@G8=�L�G|D:;	A<\|jP;�;<L`Y:?BG�sH;	D`QSU:;u©u;<?@D:;<="�[ªI;�58D§OoC]7:9<QFR@GH7`L§5�²gRBL`RB{	;	=�Y]=FG�e|R@D:;<D`j�RBQFU
QSU];
A_G8O±Qkjh58=F;
YW589V³�58EH;54�~o­kUW58³�576 �>;<7^QS?@;<L§5i7$\$���H�8�^�"arb�;pA[QV58=[QS;<DIQFU:;>L§5�²gRBL`RB{	;	=POo=FGHL¦5�?@58=FEH;
7KC:L!MN;	=�G8O�R@7:RfQSR@58? A_QV5�QS;	A�AS5iL`Y:?B;	D�Oo=_GHL�QFU:;>Y:=FRBGH=	a � U:RBA6s|R@;	?BD:;	DJQkjPG�jP;	?B?yAF;<YW58=S5�QS;	D¤\WYn;	58³KAuGH7];
5iQu~ �]a �8�Y%]\K�]a �Y�8¡]\K�ga ¥8�8¡]\ %]a98i�K�r587:D�587]G8QSU:;<=�5iQu~��]a��^¥8¡g\K�]a ¡ % �g\K�]a � %H�]\ �S��¡]a98g�¬��a � U:; *W=_A_Q�L`G|D:;�UW5iA
?@G8E'�k?BR@³8;<?@RBU:GgG|DXG8O ��¡8¡ � �8�]\¤j�U:RB?@;,QFU:;TAF;<9	GH7:D�R@A�AFGHL�;<j�UW5�Q>?@G�jh;<=>5iQ �u�H� � �]�Ha
­k7�QSU:;&58M]AF;	7]9	;&G8O
G8QFU:;	=�R@7]OoGH=_L§5�QSR@G87$\�jh;hjPGHC:?BD,;�²]YN;	9"Q�QSU:;PL`G|D:;<A�QSGuUW5�eH;�YNGHA_QF;	=_R@GH=�Y:=FG8MW58M:RB?@RBQks�G8O 58Y:Y]=FG�²gR@L`5iQS;<?Bs
� � ¡^¥ : �;::~ � � ;�²]Y�~ ���8� � �g� �d~"�u¡H¡ � �H�^�F�_�6587:D0� � �F% : � ��� � ¡^¥g\:=_;	AFYN;	9"QSRfeH;	?fsHa

bl;u9	GH7]A_QS=_C:9<QF;	D�QFU:;�©u£�4�C:A_R@7:E��F�8�
9<GHL�YnGH7];	7^Q6A[QV5iQF;	A65i7:D�R@7]RBQSR@58?@RB{	;<DTUW58?BO¤G8O$QFU:;�A[QV5iQF;	APQFG
;�5i9VU�GiOWQSU:;hQkjPG2?@G|9�5i?gL`5�²gR@L`5]a��|QS58=_QFR@7:E�j�RfQSU,QFU:;6Y:=_R@GH=�ei58=FR@587:9	;i\ijP;�C:AF;<DTQkjhG2Y:=_;	?BR@L�R@7W58=[s2=FC]7:A

� 58M:?@;
�]¯ � 58=S5iL`;"QS;	=_A�587:DI?@R@³i;	?BR@U:G|GgD`L§5¬²]RBL§5
OoGH=6QSU:;
�hRB7:GHL�RZ58? � �h;"QV5H�PR@7:GHL�RZ5i?]L�GgD:;<?«a
xyR@³i;	?@RBU:G|GgDXª05�²gR@L`5

� 5i=S58L�;<QF;	= ��;<AF9<=FR@YgQSR@G87 ª0G|D:;&� ª0G|D:; �
 � =_GHYnG8=_QSRBGH7JR@70�2=FGHC]Y�� �]a �8�Y% �ga �^¥i¡��� �2=FG8C:Y¨�
Y]=FGHMW5iM:R@?BRBQks`G8Orx��2z �]a � �8¡ �ga ¡Y%Y���� �2=FG8C:Y��TY]=FGHMW5iM:R@?BRBQks`G8Orx��2z �]a ¥i�H¡ �ga � %8��)� < 5i=FRZ5iM:R@?BRBQks&G8O�x��>z�RB7I�>=_GHC:Y � %]a98i� �V��¡]a=8|�
xyGHE�� xyR@³i;	?@RBU:G|GgD � ¡8¡]a �8� � �8�]a �g�

� %



G8O��]\´�^¡H�&RBQS;<=S5iQFR@GH7]A>~�8i�&9<GHL`Y]?@;<QF;>AF9�5i7:AV�6QSG&;	A[QSRBL§5iQF;�QSU:;>ei58=FR@587:9<;2G8O�QFU:;2QkjhG`L`G|D:;	A<a�bl;2QSU];	7
=S5i7IQFU:;
©�£�4cOoGH= � %]\��8�^�TRBQF;	=F5iQSRBGH7:A
~[���^¥!9	GHL�Y:?@;"QS;2A_9�587:AS��QFG�E8;	7:;<=S5iQF;pAF58L`Y]?@;	A6OoG8=�;<A_QFR@L`5iQSRBGH7$a
~«�|;	;uQFU:;ubl58=_7:;	A�~I�8�H�8�8M �rOoGH=�5,9	GHL�Y:?B;<QS;�D:;<AF9<=FR@YgQSR@G87§G8O$QFU:; *]QFQSRB7:E
Y:=FG|9	;<AFA	a �  AFRB7:EpQFU:;�G8C]QSY:CgQ
Oo=FG8L QSU:;`©�£�4�\yjh;`;	A_QFR@L`5iQS;<D�YNGHA[QS;	=_R@GH=2L�;�5i7:A,5i7:D�9<=F;<D:R@M:?B;&=F;	E8R@GH7:A2OoGH=2QFU:;`;<7^QSR@=_;`YNGHA[QS;	=_R@GH=
D:RBA_QS=_R@M:CgQSR@G87X58A6jh;<?@?�58A�OoGH=6QFU:;>R@7:D]RBe|R@D:C:58?¤L�GgD];	A	a

&('�� �������
	 -��

 A_R@7:ETQFU:;>GHC]QSY]C]Q�Oo=FGHL QSU:;
©�£�4�\:jh;>;<A_QSRBL§5�QS;	DXYNGHA_QF;	=_R@GH=�L�;�587]A�587:DI9	=F;<D:R@M]?@;2=F;<EHR@G87:A6OoGH=6QSU];
;	7^QFR@=F;TYNGHA[QS;	=_R@GH=�D:R@A[QS=FRBM:C]QFR@GH7�5iA�jh;<?@?�58AuOoGH=�QSU:;TRB7:D:RfegRBD:CW58?�L�GgD:;<A	a � 58M]?@;�����E8RBeH;<A2QSU:;<AF;&;	A[QSR��
L`5iQS;<A	\g58APjP;	?B?n;<A_QSRBL§5�QS;	A�GHM]QS58R@7];	D§M^s`D:R@=_;	9"Qh7KC:L�;	=_R@9�5i?NRB7^QS;	E8=S5iQFR@GH7�C:AFRB7:ET58D:58Y]QSRfeH; � CW58D:=F5iQSC:=_;
~��P;	=F7^QFAF;	70;<Qu58?�aB\$���H�]�¬��a

��R@E8C:=F;`¡0EHRfeH;<A!5,�XD:R@L�;	7:A_R@GH7:58?�U:R@A[QSGHE8=S58L°9<GH7:A_QF=FC:9"QS;<DtOo=FGHL QFU:;�GHC]QFY:C]QpG8O�A_R@L!C:?@5iQSRBGH7 %
��RBEHC:=F;P¡]¯H�(� D!U:R@A[QSGHE8=S58L�G8O]QSU:;��_G8R@7^Q�L`58=_EHR@7W5i?^D:;	7:A_RBQkspG8O ��� 587]D ��� EH;<7:;	=F5iQS;<D!Oo=FGHL�QSU];�ª�4�ª�4
AFRBL!C:?@5iQSRBGH7$a��hR@7:Ah58=F;uMnG�²g;	A�GiO�AFR@D];�?@;<7:E8QFUJ�]a��]��587]DJR@7^QS;<7:AFRfQks`RBAhY:=_GHYNGH=_QFR@GH7W5i? QFG!?@G8E'� Oo=_; � C:;	7]9<sHa

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

pi1 (Binomial)

pi
2 

(B
et

aB
in

om
ia

l

�i�



� 58M]?@;T���]¯�ªI;�587:Au587:D0� 8 � 9	=_;	D:RBM:?@;2RB7KQF;	=[e85i?@A6OoGH=6QFU:;
�hR@7:G8L`R@58?��k�h;<QS5H�hR@7]GHL`R@5i?:L�G|D:;	?
�������	��
�
�
����	�����������

���������! #"%$ &(')�! +*,���)$-'
.�/ �%�102��� / 02$ 34$-�%5 687:9<; .=/ �%5	�! +>#$ ?<@	7:9<; .�/ �%5��! A>#$

B C 7:D%E%6 C 7:D%6 C 7 C @GF�D C 7:?%H%9
I � C 7:6JF�H C 7:6%9<@ C 7+K-?%E C 7:D%6%?
I � C 7:HLKM@ C 7:HLK-6 C 7:6%E C 7:?LK-6
N � K-687:D%6 K-687:E OP6LK�7:6 6%?87:E

Q 0!R%SUTV34R8��$,KMW C 7:?<@ C C 7:?%9JF
Q 0!R%SUTV34R8��$X6<W C 7 C E C C 7 C F	@

Y[Z(\ ��]^
����	���_�����`�
���������! #"%$ &(')�! +*,���)$-'

.�/ �%�102��� / 02$ 34$-�%5 687:9<; .=/ �%5	�! +>#$ ?<@	7:9<; .=/ �%5��! +>+$
B C 7:D%9JF C 7:D%9%H C 7:H%9%H C 7:?%H%H
I � C 7:6%6%? C 7:6%6%? C 7+K-?%6 C 7:6%H%H
I � C 7:H%6%? C 7:H%ELK C 7:ELK-D C 7:?LK-E
N � K-E87a@�E K-E87a@ ObF17:?<@ OP6%?87:E

Y[Z(\ �dce
����	���_�f�	�`�
�g�������! #"%$ &(')�! +*,���)$-'

.=/ �%�102��� / 0!$ 34$-�%5 687:9<; .=/ �%5��! +>+$ ?<@	7:9<; .=/ �%5	�! +>#$
B C 7 C ?LK C 7 C D%E%? C 7 C KM@GF C 7:6LK-?
I � C 7:D%6%9 C 7:D%E%6 C 7a@GF�K C 7:?LKhF
I � C 7:6%E%6 C 7:6%E C 7+K-?%? C 7:6%HLK
N � O2K-H87:6%D O2KM@	7:9 OP6%?87:9 ObF17+K%K

� 8



��R@E8C:=F;2�g¯3zuR@A[QSGHE8=S58L¦587:D *:QFQF;	DID:R@A[QS=FRBM:C]QFR@GH7:A2~ 9	C]=_eH;<AV��OoGH=6QSU:;
�65i=F=F;"QFQ	��A�x��2z)DW5iQV5
Proportion of Sites showing LOH 

Proportion with detectible LOH

F
re

qu
en

cy

0.0 0.2 0.4 0.6 0.8 1.0

0
1

2
3

4

Binomial( p*20, n=20, pi1=0.229 )
Beta−Binomial(p*20, n=20, pi2=0.634,
                     omega2=0.467)
0.856 * Binomial + 0.144 * Beta−Binomial

���������
	���
��������������������
	���
��������������

Proportion of Sites showing LOH

Proportion with detectible LOH

F
re

qu
en

cy

0.0 0.2 0.4 0.6 0.8 1.0

0
1

2
3

4

Binomial( p*20, n=20, pi1=0.807 )
Beta−Binomial(p*20, n=20, pi2=0.232,
                     omega2=1.62−4)
0.096 * Binomial + 0.904 * Beta−Binomial

� �!�����
	���
������������
	���
������"�������

9	?B;�58=_?BsJA_U:G�j�R@7:E�QSU:;,58A_s|L�L`;"QS=[sXG8O�QFU:;pQkjPG�L�GgD:;<A	ahb�;,;<A_QFR@L`5iQS;2QSU:5iQ�A_L§5i?@?@;<=�L`G|D:;>9	G87KQS58R@7]A
GH7:?fs��:a ¥ � G8OuQSU:;IYNGHA_QF;	=FRBGH=TL`58AFA<a.�WGH=TQSU:RBA&L`G|D:;8\3QSU];Iei58=_RZ587:9<;XYW58=S5iL`;"QS;	= � RBATeH;	=[s AFL`58?@?
~"�
�¬¥ � 8H��\hOoGH=F9<R@7:E¨QSU];q�h;"QV5H�PR@7:GHL�RZ5i?h9	G8L`YNGH7:;<7KQ�QSGl589<Q`?@RB³8;I5l�PR@7:GHL�RZ5i?«a � U:;0O 5i9<Q�QSUW5iQ�QSU];
Y:=_;<Oo;	=_=F;<D0L�GgD];�C:AF;<A�QFU:;>�hRB7:GHL�RZ58? L�Rf²|QSC:=_;�QSGT;�²]Y]?Z58RB7�QSU:;>MW589V³KEH=_GHC:7:DI?@G8AFA�=S5�QS;>587:DJQFUW5iQ�QSU];
AF;<9	GH7]DW58=_s&L�G|D:;hOoGH=_9	;	A�QFU:;��h;<QS5H�hR@7]GHL`R@58?KQSG
589<Q3?BR@³i;�5>�hR@7:G8L`R@58?|j�RfQSUTQSU];�AF58L�;�L`;	587&AFC:EHE8;	A_QFA
QSU:5iQ�5�M]R@7:GHL�RZ5i?nL�GgD];	?$RBA�AFC$#�9	RB;	7^Q�OoGH=6QSU];qv[MW589V³KEH=FG8C:7:D:}`Y:=FGHM:58M:R@?BRBQks�G8O�x��>z
a

bcU:R@?B;TMnGiQSU�L`G|D:;	A2;<A_QFR@L`5iQS;!QFU:;§x��2z Y:=_GHMW58M:RB?@RfQksqRB7¨QFU:;lv_MW589V³KEH=_GHC:7:D:}IEH=_GHC:Y¨QSGXMn;`58Y/�
Y:=_G�²gRBL§5iQF;	?fs2� � � %]\¬QSU:;�QkjhGuL`G|D:;<A�EHRfeH; � C:RBQF;�D]RBmn;	=F;<7^Q�D:RBA_QF=FR@M]C]QSRBGH7:AyOoGH=yQSU:; � �:�.EH=_GHC:Y$a���R@EHC]=F;	A
���W~ 5^��5i7:D����W~oM ��Y]?@G8Q�QSU:;K*:QFQF;	DTD:RBA_QS=_R@M:CgQSR@G87:A�OoG8=�;�5i9VU�L�G|D:;h5iE^58R@7]A_Q�5uU:R@A[QSGHEH=F58L�G8OWQFU:;6GH=_R@EHRB7W58?
DW5iQS5]a���RBEHC:=_;����W~ M �6A_U:G�j�A�QSUW5�Q�QFU:;�v_�hR@7:G8L`R@58?��k�hR@7:G8L`RB58?f}
L�G|D:;,5iAFAFRBEH7:A�L`G8A_Q�G8O�QFU:;,L`58A_A�OoG8=
QSU]; � �]� EH=FGHC]Y QFG�5¨M:RB7:GHL�RZ58?3j�U:R@9VU UW58A&RfQSA&D:;	7]AFRBQkst9	GH7:9<;	7^QS=F5iQS;<D.7:;	58=�� � ¡ %]a�­k7�9<GH7^QS=F58A_Q	\
��RBEHC:=F;,���W~�5H�hAFU:G�j�A�QSUW5iQ�QFU:;>?Z58=_EH;	=�v_�hR@7:G8L`R@58?��k�h;<QS5H�hR@7]GHL`RB58?f}2L`G|D:;i\]j�U:R@9VUI9	G87KQS58R@7]A�=_GHC:EHU]?Bs
�H� � G8O2QFU:;�YNGHA_QF;	=_R@GH=`Y:=FGHM:58M:R@?BRBQks8\hAFY]=F;�5iD:A�QSU:; � �:��E8=FGHC:Y�L!C:9VU.j�R@D];	=	\�j�RfQSU.9<GH7:AFRBD:;	=F58M:?B;
Y:=_GHMW58M:RB?@RfQks§D:;<7:AFRfQksJG�eH;<=�QFU:;>=S587:E8;2G8O�QFU:;0v_MW589V³KEH=_GHC:7:D]}§EH=_GHC:Y$a

�8�



��RBEHC:=F;`���]¯ � GHA[QS;<=FR@G8=�Y:=FG8MW58M:RB?@RBQks�~o9	C:=[eH;i\y=FR@E8UKQ�5�²gR@AS�uG8O3L�;	L!MN;	=_AFU:RBY�R@7qQFU:; � �:��EH=FGHC]Y$a � U:;
U:RBA_QSG8EH=S58L ~o?@;"O±Q�5¬²]RBAV��AFU:G�j�A�QFU:;hGHM]AF;	=[eH;<D&x��2z =S5iQF;�j�RfQSUpQF;"²|Q�?@58Mn;<?@A�EHRfegRB7:E�QSU:;P?@G|9�5iQFR@GH7>G8OW;	589VU
9VU:=_GHL`G8AFGHL�;358=FLIa�4hU:=FG8L`GHA_GHL�;358=FL�A¤j�RBQFU 8i� � GH=yU]R@EHU:;<=yYnG8A_QS;<=FRBGH=$Y:=_GHMW58M:RB?@RfQks�G8OgL�;	L!MN;	=_AFU:RBY
R@7JQFU:; � �:� EH=FG8C:YI58=F;2?@58Mn;<?@;<DIRB7X=F;	D¤a

Proportion with detectible LOH

F
re

qu
en

cy

0.0 0.2 0.4 0.6 0.8 1.0

0
2

4
6

8

20q

21p

7p

15q

10q

20p

9q

8q

4q

6q

7q

12p

2q

10p

11p

1q

12q

16p

2p

17q

14q

19p

8p

3q

22q

6p

11q

16q

3p

4p

18p

21q

5p

19q

1p

13q

18q 9p 5q 17p

0
0.

25
0.

5
0.

75
1

P
ro

b(
T

S
G

)

��R@E8C:=F;`���`Y:?BG8QSA�QSU:;,;	A_QFR@L`5iQS;<DqYNGHA_QF;	=_R@GH=uY:=FGHM:58M:R@?BRBQksJGiO3Mn;<?@GH7:E8R@7:E&QSG§QFU:; � �]� EH=_GHC:Y�58A�5
OoC:7:9"QSRBGH7`GiOnQFU:;�x��2zd=S5�QS;8a���;<EHR@GH7]A3j�RfQSU�x��2zdOo=_; � C:;<7:9	RB;	A65iMnG�eH; 88� � 58?@L�GHA[Q39	;	=[QV58RB7:?Bs,Mn;<?@GH7]E
QSG¨QSU]; � �:� E8=FGHC:Y¤\Pj�U:RB?@;J=F;<EHR@G87:ATj�RBQSU ?@G8AFA&=S5iQF;	A�Mn;<?@G�j 8i� � 58=_;IL�GH=_;I?BR@³i;	?Bs�QSG�Mn;<?@GH7]E¨QFG
QSU];pMW5i9V³|E8=FGHC:7]D�EH=FG8C:Y$\ 58?fQSU:GHC]EHUIQFU:;	=_;pRBA�A_QSRB?@?y5&YNGHAFA_R@M:RB?@RBQks`QSUW5�Q�QFU:;<sIMN;	?BGH7:E&R@7:A[QS;	58D0QFG � �:�
EH=_GHC:Y$a

��7:?Bs *:e8;,9VU:=_GHL�GHAFGHL�;p58=FL�AuU:5�e8;!5 � �:� EH=FGHC]YqL�;	L!MN;	=_AFU:RBY0Y:=_GHMW58M]R@?@RfQksX58MNG�eH;§��� � ¯���Y$\
�F% � \N�8Y$\ 8 � 587:D��¬¥iY$a6��O�QSU:;<AF;i\nGH7]?BsX�8Y¤\ 8 � \n5i7:Dl�¬¥�Y$\:j�RBQFU0L�;	L!MN;	=_AFU:RBY:A�Y:=FG8MW58M:RB?@RBQFR@;<A��]a��^¥ 8g\
� �]a��H�H�]\^5i7:D � �]a �8�H�]\^58=_;�L`G8=F;h?BR@³i;	?Bs
QSG2MN;	?BGH7:E�QFG�QSU:; � �]�(EH=FG8C:Y!QSUW5i7&QFU:;6MW5i9V³|E8=FGHC:7]D`EH=_GHC:Y$a
� U:RBA�58?@RBEH7:A�jh;<?@?]j�RfQSUT=F;<AF;	58=F9VU�GH7!QSU];�M:R@GH?BGHE8s>G8O � �:�2A3587:D!QFU:;�=FG8?@;hGiO¤x��2z�RB7!QSU:;�RB7W589<QFRBei5iQFR@GH7
G8O�QSU:;<AF;
EH;	7];	A	a

­k7`Y:58=_QFR@9	C]?Z58=<\:�¬¥iY&R@A�QFU:;�?@G|9�5iQFR@GH7!GiOnQFU:;�Y 8 %�~ ��� 8 %^�rEH;<7:;�587:D`�8Y�R@ArQSU];�?BGg9	5iQSRBGH7!G8ONQSU];�Y¤���
�H¥



� 58M:?@;T�8�H¯�4hU:=FG8L`GHA_GHL�;4��=_L`A6j�RfQSUJL�GH=F;�QFUW587¨��� � YnGHA[QS;<=FR@G8=6Y:=FG8MW58M:RB?@RBQks�G8O�MN;	?@G87:EHR@7]E,QSGTQSU];
� �:� EH=_GHC:Y$a

4hU]=FGHL�GHAFG8L`; ��M:AF;<=_e8;	D �hRB7:GHL�RZ58? � GHA[QS;	=_R@GH=�u=FL � =FGHM�~ x��>z�� ��CW5i7KQFR@?B; � =_GHM�~ � �:�p�
��Y �]a´�:� �]a��H¡ �gaB���
�F% � �]a´� % �]a��H¡ �gaB�;8
��¡ � �]a´�^� �]a��H� �ga �g�
�8Y �]a�� 8 � �ga �H� �ga �H¡
8 � �]a�¡H� � �ga �H� � �]a �8�
�¬¥�Y �Ha��H� � �ga �H� � �]a �8�

~«4 �2£>©&�'�2��EH;	7:;iar�65i=F=F;"QFQ�;<Q358?�aP~[���H�8�^��A_U:G�jh;<DTQSUW5iQrx��>z G8O��¬¥iY,587:D&�8Y¤\H58?BGH7:Euj�RfQSU!L,C]QV5iQFR@GH7
GH=�U^s|Yn;<="� L`;"QSU^s|?Z5iQFR@GH7XG8O�QSU:;>=_;	L`58R@7:RB7:ETY 8 %TGH=�Y$����5i?@?@;<?@;uR@A�7:;	9<;	A_AS58=[sIOoG8=6QSU:;>D:;"eH;	?BGHY:L�;	7^Q�G8O
;	A_GHY:UW5iEH;�58?�9	587:9<;	=>Oo=FGHL �658=F=_;<Q_Q��´A
;<Y:RBQFU:;	?BR@C:LIaT�65i=F=F;"QFQ>;"Q,5i?«aX~ ���H�H�^��5i?@AFGX;"e85i?@CW5iQF;	D�QSU];�=_GH?@;
G8O�x��2z¦5iQ�8 � \6�F% � \�5i7:D.��¡ � R@7�QSU:;§D:;<e8;	?@G8Y:L`;<7^Q!G8O�9	587:9	;<=	a��WGH=
QSU:;<AF;�A_RBQF;	A,QFU:;<s�OoGHC:7:Dl7:G
;<e|RBD:;	7:9<;
QFUW5iQ�x��2z)j658A�=_; � C:R@=_;	DXOoGH=6QSU];
D];<eH;<?@GHY]L`;<7KQuG8O�9�587]9	;	=<a
� �����r�����r�r�	���

­k7XQSU:RBA6QS;"²|Q	\:jh;
UW5�eH;
R@7^QS=_GgD]C:9	;<DIQFU:;
©uGH=_L§58?¤£2;	=F7];	?�4hGHC:Y]?@;	=<\ 5T9	GH7:9<;	Y]QFCW58?B?BsJA_R@L�Y:?@;�L�;<QFU:G|D
OoGH=�AF58L`Y]?@R@7]E�Oo=FGHL YnG8A_QS;<=FRBGH=rD:RBA_QS=_R@M:CgQSR@G87:A�QSU:5iQ39�587&MN;�58Y:Y:?BR@;	D!j�U];<QSU];	=�QSU:;�QS58=FEH;"Q3D:R@A[QS=_R@M:C]QFR@GH7
UW58A2G87:;&GH=�AF;"eH;<=S58?3L�GgD:;<A	a
bl;&UW5�eH;&Y:=_G�eH;	7�QSUW5�Q�QSU:;�©u£�4�R@A>5J;	=_EHGgD]R@9&ª�4�ªq4®AS5iL`Y:?B;	=�OoG8=
587^s&9	G87KQFR@7KC:GHC]AhD:RBA_QS=_R@M:CgQSR@G87TGH7§D/� D:R@L�;	7]AFR@G87W58?W��C:9<?@R@D];�587�AFYW5i9	;8arb�;�UW5�eH;�5i?@AFG
AFU]G¬j�7`QSUW5iQ�QSU];
©�£�4®GHCgQSYN;	=_OoG8=FL�A�A_QS587:DW58=_D�=F587:D:G8L��«j658?B³�ªI;<QS=_GHYNGH?@RBA�AS5iL`Y:?B;	=_A>587:D�5J9	C:A[QSGHL RB7:D:;<Yn;<7:D:;	7]9	;
AS5iL`Y:?B;	=rj�U:;<7`QFU:;�QF=FC:;�ei58=_RZ587:9<;�R@A�C:7:³K7:G�j�7$a3­k7&O 589<Q	\^QSU:;u©�£�4 GHC]QFYn;<=_OoGH=_L`A�QFU:;�=S587:D]GHL��«j65i?@³
ª0;"QS=FG8YnGH?BR@A�AF58L�Y:?@;<=FA�9<GH7:A_QF=FC:9"QS;<D�C:A_R@7:EJQFU:;!QS=_C:;TYnG8A_QS;<=FRBGH=�ei58=FR@587:9<;8apb�;TUW5�eH;�D:;<L`GH7]A_QS=F5iQS;<D
QSU];	AF;uL`;"QSU:G|D:A�GH7`5p=F;	58? ;"²]58L�Y:?@;�C:A_R@7:Ep5pL�G|D:;	?:j�RfQSU&QkjhG!D]R@A_QFR@7:9"QP587:D§D]R@AFA_R@L�R@?@58=�L�GgD];	A	a � U:;
=F;<AFC:?fQSA�Oo=FGHL *:Q_QSR@7]E`QSU]R@A�L�G|D:;	?�C:A_R@7:E§QFU:;!©u£�4�9<GHL`Y:58=F;
O 5�e8GH=S5iM:?BsXj�RBQFU0j�RfQSUqQFU:GHAF;pGHM]QS58R@7:;<D
M^sX58DW5iY]QSRfeH; � CW58D:=F5iQSC:=_;
5iQ�L!C:9VUI?@G�jh;<=�9	GHL�Y:C]QS5iQSRBGH7W58?n9	GHA[Q�a

� U:;&9	C:=_=F;<7KQ
RBL`Y:?B;	L�;	7^QV5�QSR@G870G8O�QSU];&©�£�4�R@A2RB7:;�#�9<R@;	7^Q2RB7�U:R@E8U�D:R@L�;	7:A_R@GH7]A	a,­k7¨YW5i=_Q�\nQSU:RBA

�8¡



R@A
5J9	G87:AF; � C];	7:9<;�G8O6C]YnDW5�QSR@7]E05i?@?rG8OPQSU:;&YW5i=S58L�;<QF;	=FA>G8O65JEHRBe8;	7�9	GHL�YnG87:;	7^QpA_QV5�QS;�58A
5IM]?@G|9V³Na
bcU:RB?@;&RBQ>jPGHC:?@DlMn;�YnG8AFAFRBM:?@;&QSG0C:YNDW5iQS;�GH7:?fs�50A_L§58?B?�AFC:M]AF;<Q!G8O6QSU];`YW5i=S58L�;<QF;	=FA<\�QFU:R@A
R@A
7:G8Q,5
=F;	58AFG87W58M:?B;J58Y:Y:=_G^589VU�RB7lQSU:;§9	GH7^QS;�²|Q&G8O�L!C:?fQSR@Y]?@;�L`G|D:;	ApMn;<9�58C]AF;JRBQ,Y:=F;"eH;<7KQFA&L`G�eH;<ATMn;"Qkjh;<;	7
C:7:9<GH7:7:;<9<QF;	D�L�GgD:;<A�QSUW5iQuD:G�7:G8Qu?@RB;>58?@GH7]E&QFU:;
9	G|GH=FD:RB7W5iQF;p5¬²];<A	a�­k7:A[QS;	58D$\ jh;,58=F;>;"²gY:?BGH=FRB7:E`587
58Y:Y]=FG^589VU0AFRBL`RB?Z58=3QSG&QSU:; ��D:58Y]QSRfeH; ��R@=_;	9"QSR@G87q�g58L`Y]?@;	=
~��>RB?@³KA6;"Q�58?�aB\¤���H�8�K��\:j�U:;	=_;pC]YnDW5�QS;	Au58=_;
EH;<7:;	=F5iQS;<D0GH705TAFC:M]AFYW589<;,A_;	?@;<9<QF;	D058DW58Y]QFRBe8;	?Bs�C:AFRB7:ETQSU:;>AF;"Q�G8O�9<C:=F=_;	7^QuA_QV5�QS;	A<a��7:GiQSU:;<=JL`;"QSU:G|D.G8O
R@L�Y:=_G¬e|RB7:E�QFU:;�Yn;<=_OoGH=_L§5i7:9	;0G8O>QSU:;�©u£�4 R@7.U]R@EHUdD:RBL`;<7:AFRBGH7:A`R@A`QFG
v_=_;<QS=[s|}IO 58RB?@;<D�Y:=FG8YnGHAF58?@A<a � U:;&R@D:;	5]\yR@7^QF=FG|D:C:9	;<D�M^s � RB;	=_7:;<s 6¦ª0R@=F5¨~[���H�8�^�"\yRBA�QSGXEH;	7];	=S5�QS;�5
AF;<9	GH7]D,9�5i7:D:R@D:5iQS;3YNGHR@7^QyOo=FG8L)5�D:RBmn;	=_;	7^Q�Y:=FGHYNGHAF58?^D:R@A[QS=_R@M:C]QFR@GH72RfOKQSU:;3R@7]RBQSR@58?8Y]=FGHYNGHAS5i?HR@A�=F;k�_;	9"QS;	D¤a
� U:RBAhAF;<9	GH7]DJ9�587:D]R@DW5iQF;�YNGHR@7^QPR@A�QSU:;<7J589	9<;	Y]QF;	DJGH=P=F;k�_;	9<QF;	DJC:A_R@7:E!587J58D��_C]A_QS;<DJ589<9	;	YgQV587:9<;�OoC:7:99�
QSRBGH7$a���s�QSU:RBA6L�;�587:A<\:j�U:;	705&©�£�4cY:=_GHYNGHAS58?¤R@A�=F;k�_;	9"QS;	D¤\ 5&A[QV587]DW58=FDI=S5i7:D:GHL � jh58?@³`ª0;"QS=_GHYnG8?@R@A
A_QF;	Y�9	587qMN;,YN;	=[OoGH=FL�;	DIR@7]A_QS;	58D$a � U:RBA�jPGHC:?BDqRB7:9	=_;�58A_;pQSU];,G�eH;<=S58?B?�5i9	9	;<Y]QV5i7:9	;p=S5iQF;8\n587:D0jPGHC:?BD
58?B?@G�jcOoGH=�L`G8=F;2?@G|9�5i?¤L�G¬e8;	A�QSUW5i7IGiQSU:;<=_j�R@A_;>YnGHA_AFRBM:?@;ia

� U:;��W;"²gRBM:R@?BRBQks0587:D¨YN;	=_OoG8=FL`587:9	;,G8OPQFU:;&©�£�4 G87�5�ei58=_R@;<Qks0G8OPC:7:RBL`G|DW58?�587:D¨L!C:?fQSR �kL�GgDW5i?
D:RBA_QS=_R@M:CgQSR@G87:AuL`58³i;	A2RBQ�5�Y:=_GHL`RBAFRB7:E�QFGgG8?�OoGH=uAS58L�Y:?BR@7:E�Oo=FGHL L!C:?fQSR �kL�GgDW5i?$D:R@A[QS=_R@M:C]QFR@GH7]AuRB7�?@G�j
587:D&L�GgD];	=S5�QS;hD]R@L�;	7:A_R@GH7:A<a��gGiO±Qkj658=_;�R@L�Y:?@;<L`;<7^QSR@7]EuQSU];�©�£�4�R@Ar5�ei58RB?Z58M]?@;P58A¨YW58=_QrG8O QSU:;��������
	
ª�4�ª�4 ?@RBM:=S58=[s�~±bt5i=F7:;<A	\ �8�H�8�8M$¢$bl58=F7:;<A	\H�8�H�g�¬�uD:;"eH;	?BGHYN;	D¨M^s�QSU:;&5iC]QSU:G8=>587:D¨5�ei58R@?@58M:?@;
Oo=F;<;
G8O�9VUW58=_EH;2Oo=FGHL¦QFU:;
58C]QFU:GH=	�´A�jh;<M0A_RBQF;§~±bt5i=F7:;<A	\8�8�H�8�H5^�"a
� ��%H��13�������2�

��
���������������������� �!
�"�#%$��&
�'(�*)+�-,-��� ./
1032543��6&� ,��+78���*9;:=<>03?@�A�B�-C5�D�*E F���#%?@�
�!�3C5� ~[���H�8�^�"a?��;<QF;	=FL�R@7:5iQSRBGH7!G8OnQSU:;�Oo=F; � C:;	7:9"s§GiO¤?BGHAFA3G8O¤U:;<QF;	=FG8{<s|EHGHA_RBQks&R@7&;<AFGHY:U:58EH;�5i?n5iD:;	7:G��
9	58=F9<R@7:GHL`5�M^s�9	;<?@?rA_GH=_QFR@7:E]\$j�U:GH?@;TE8;	7:GHL�;&58L�Y:?@R�*W9�5�QSR@G87�587:D�L�R@9	=_GHAS5�QS;	?B?@RfQS;
YnGH?fs|L`GH=_Y:U:RBAFL�A	a
G(��% �IH/�����=J�K$\$��¡^¥ %MLN��¡^¥8¡ga
��
����������������@�����N.�
�032543��6&�N,-�O7 ���P);���RQ3<O�PSN�TC5�D�OUV<>03W��PX8�TC5�D�P)Y
5'�"�Z[<>0(�P�\�N�8�D�
F+
�]�#%03<5Q1#%254(�5)+��.Y���5E^F���#%?_���!��C5� ~[���H�H�^��aW�reHGH?BC]QSRBGH7!G8ON7:;<GHY:?Z5iA_QSRB969	;<?@?g?@R@7];�58EH;<A�RB7&�658=F=_;<Q_Q
G|;	A_GHY:UW58E8C:A	a�`ba !Dc/" �*d ������! #�% �PKeK$\y���8�[LN���H�ga

�8�



� ����03�5Z ��0(��C����+9;Z[$���"�#%?@� ��� � ���+E �\��036&��7 � ~[���8�]�¬�"a �u7�58D:58Y]QSRfeH;IL!C:?fQSR@D]R@L�;	7:A_R@GH7W5i?
RB7KQF;	EH=F5iQSRBGH7�=FGHC]QFR@7:;�OoGH=p50eH;<9<QSG8=!G8O�R@7^QF;	EH=F58?@A<a�� "Ia � � a/%�! #���� � ����� a !������!a ! #�%Ia��
	 ���$!�
_a " �\J��¤\
� 8 �ML|� 88�ga
,b43
�0(��� �5.>��E �\���>������,��/C�� ~[���H�8�K��a:4hGHL�L�;	7^Q�G87�vSªq5i=F³8G�ep9VUW58RB7:A�OoGH=�;"²gY:?BGH=FRB7:E�YNGHA[QS;	=_R@GH=
D:RBA_QF=FR@M]C]QSRBGH7:AF}]a�������� ���ea��9� ����	 ! a ! # ��!�#�% �TKeK$\y�¬¥��K¥MLN�¬¥ 88¡]a

X\�eZM
�# ���B� ~��8�H�H�H�"a�� #�� !�c " ��� ���/���9������" d ������! #�%! "�
a ��H/� �,#��# (a ��% ��"$ �����9�"a � U � QFU:;	A_R@A<\ 7:RBe8;	=FA_RBQksJGiO�bl58AFU]R@7:E8QFGH7$a
%T�&
���<>0(�Y9��>FA� ~ ���H�H¡^��a � C:L�GH=6AFC]Y:Y:=F;<AFA_GH=uE8;	7:;<A	a&�����!d ������! #�%�'Na���# � ����(;c/�!a �) (a ��% ��"*�¤\
��� 8ga

�\��"�:=
�0(� 7 ��� F <>]/��� ��Z��=�8�D� E �\#%",+1Z��TU � ~ ���H� 8H��a�� #�9<R@;	7^Q!ª0;<QF=FGHYNGH?BR@A��_C:L�Y:RB7:EX=FC:?B;	A	a
­k7��h;	=_EH;	=<\.-]a��!af\h�P;	=F7:58=FD:G]\.-]a3ª�aB\ �25�j�RBD$\��,a � aB\ 6 �gL�RBQFU$\��,a3�ha�ª�aB\�;	D]RBQSG8=FA	\*'Na � � ��#�a �
	 ! a !�# ��! #�% �0/yaN��²|OoGH=_D  7:RfeH;	=_AFRfQks � =_;	A_A	a
�\��"�:=
�0(�(7 �(E F '3]�#%0(�(X ���!� ~[���H�Y�H�"aP­k7]Oo;	=_;	7:9<;pOo=FG8L RBQS;<=S5iQFRBe8;
A_R@L!C]?Z5iQFR@GH7JC:A_R@7:E�L!C:?fQSRBY:?@;
A_; � C:;	7]9	;	A<a�	 ! a !�# ��! #�%Ia���	 %�#�����% �1�¤\]�K¥ %[L|�H¡Y%]a
�\��:=
�0(��.>�bE �\�e:N
10(� X � ~ ���H¡8�^�"a �|QFGg9VU:58A_QFR@9J=F;<?Z5�²]5iQFR@GH7¤\h�2R@M]M:A!D:RBA_QS=_R@M:CgQSR@G87:A	\�587:D QSU];
�65�s8;	AFR@587�=F;<A_QFGH=S5iQFR@GH70G8O�RBL§58E8;	A	a3254
4
46� " a � � a/%�!�#���� �����87�a !�!.��"$�9� �ea�� ����# �-a �:�;� a/%5�/#�����2$���
!.����� # H/����% �.<y\N¥ �g� L]¥i�]�Ha
�\���>����� ,-��C5� ~ ���H�]���"a�ªq58=_³8G�et9VU:58R@7 ª0G87KQF;I4658=F?BG�L`5�²gR@L!C:L�?BR@³8;<?@RBU:GgG|D$a0­k7 £>;<=S58L�R@D:58A	\
��agª�af\g;<D:RBQFGH=	\= ���3>ec/!�#���H�	 %�#�����% �=a �:��	 ! a ! # ��! #�% �5?"7 " ��% � �@� #���H�� ��� !A����BDC "E��	 � �3>�����#%c/� ��� !����
2$��! ��"�� a/% �"\]Y:58EH;	A
�;88�MLN���Y%]\:�g;�5�QFQS?B;8\]b �,aW­k7^QS;<=_O 589<;,�WGHC:7]DW5iQSRBGH7JG8O�©uGH=[QSU ��L�;	=_R@9	5]a
�\���>������,���C5�_E ��43<1:;$�Z <10(�O9+�(7 � ~ ���H�8�^�"a���7]7:;�58?BR@7:E�ªq58=_³8G�eq9VU:58R@7�ª0GH7^QS;&465i=F?@G&j�RBQFU
58Y]Y:?@RB9�5iQFR@GH7:A�QSGX587]9	;	A[QS=F58?�R@7]Oo;<=F;<7:9	;ia � ;<9VU:7:RB9�58? ��;	YNGH=[Q 88¡H�]\��|9VU:GgG8?�G8Oh�|QV5iQFR@A[QSR@9<A	\  7:RBe8;	=_AFRBQks
G8Orª0RB7:7:;	A_G8QV5ga

�\#%"D+>Z���U �5FA���5F <>]/�e����Z����8� � ����E �\��<>��W>����9+��FM� ~ ���H�8�K��a���DW58YgQSRBe8;�D:R@=_;	9<QFR@GH7TAF58L�Y:?@RB7:E:a
�����G	 ! a ! # ��!�#�%�#�a �IHKJy\y��¥8�[LN��¡8�]a

%H�



��
�ZM��#%03WYZ���U � � � ~[���^¥i�^�"a3ªIGH7^QS;p4658=F?BGTAS58L�Y:?BR@7:E!L�;<QFU:G|D:A�C:AFRB7:E�ªq58=_³8G�eX9VUW58RB7:A�587:DJQFU:;	RB=
58Y]Y:?@RB9�5iQFR@GH7:A<a ' #���� ��! "$#�� a����n\ �^¥ LN���H�]a

F 4�
=+1
_��FA�bE �\��0���"��e:N
10(� FA� ~[���H�H�^��a �
¯ � ?Z587:E8CW58EH;§OoG8=TDW5iQV5¨587:58?Bs|AFRBA&587:D EH=F58Y:U:RB9	A	a
� � c/"��ea�� ���  ���3>ec ! a !�#����ea���a �:� d(" a�> �/#�%Ia���	 ! a ! # ��!�#�% ���$\8�8�H�[L)%]���:a
�*"���#%0(���8� ~ ���H¡^¥H��a � U];�58Y:Y:=_G^589VU:RB7:Et;<=S5lG8O2QFU:;0QFC:L�GH=§A_C:Y:Y:=_;	AFA_GH=JEH;<7:;	A<a 	 %�#�����% �\K J��y\
�;8'%H�[LN�;8��H�:a
� 
���# 
�03# �=9+�TE )Y
1��#%Z[# �b�8� ~ ���H� �8�"aJ�|R@L!C:?@5iQS;<D�QS;	L�YN;	=FRB7:E:¯ ��7];<j�ª0GH7^QF;J4658=_?@GIAF9VU:;<L`;ia
4@c/" �5> �/����#�% �
	 ��! ! ��" ��J��$\W� 8g� L|� 88¡]a

� 
���Z[4�
�"�"��_,��_C5� ~[���H�g�¬�"a � C:L�GH=�AFC]Y:Y:=F;<AFA_GH=uE8;	7:;<A	a  ����� < H�\ %]�F%ML/% �8�]a
� �&���/<>$�<>"�#%Z���
 �D�!F <>Z[��0�]/"�'3�54_��7 � U ���\F <>Z[��03]�"�'���4(�-����
 ���!E � �e"�"������!7 ��� �
~ ��� 8 %^��a&� � C:5iQSRBGH7:A
G8OhA[QV5iQF;`9	58?@9<C:?Z5�QSR@G87:A�M^s�O 58A_Q
9<GHL`Y]C]QSRB7:EXL§589VU]R@7:;ia � � c/"$�ea�� ���� "������#�%Ia��
7
�/����#�% �TK�JW\y���H¡^¥ LN���H�]�8a


-�&
�"e�3FA�3��� ~[���H�H�^��a��]58L�Y:?@RB7:E2Oo=FGHL L,C:?BQFR@L�GgDW5i?]D:RBA_QS=_R@M:CgQSR@G87:A3C:AFRB7:EpQF;	L�Yn;<=F;	D`QS=S5i7:AFRfQSR@G87:A	a
	 ! a !�# ��! #�% ��a �:�0 ���3>ec/!�#���H <$\ % 8 %ML/%H�H�]a

-���*��<10(�����Y7 �D�@�\<1'�"�?_������
 �D��F���6 03#�+3<������O,-�Y7 ����E���
3
�W��_C5��X � ~ ���H�H¡^��a���70QSU];
A[QV5iQFR@A_QFR@9	58?$587:58?Bs|AFRBA�G8O�58?@?B;	?@RB9 L|?BGHAFA�DW5iQS5]a.	 ! a !�# ��! #�% � #��0� �@� #�%�#����;J��n\$��� � 8 LN���H� 8|a
F+
�� �5�e� �O��7 ��9+�/E S@���A#%Z���.>����� ~[���8�H�^�"a]­kL`Y:?B;	L�;	7^QSRB7:E>ª�4�ªq4�an­k7 � a "�� ���& "�
a #��;� ����!.�
 (a " � �7#��07 " a/%�!�#�% �"\]YW58EH;<A
�8�;8MLN�F%8�]aW4hUW5iY:L§5i7 6 z�58?B?«a

� #%�e��03���O�>SN� ~[���8�H�^�"a�­k7^QS=FG|D:C:9"QSRBGH7�QSGTEH;<7:;	=F58?$A[QV5iQF; L|A_YW589	;>L`58=F³iG�e�9VUW58RB7JQSU:;<GH=_s8ar­k79� a "�� ���
 "�
a #�� � ����!.�; (a "�� ��#��07 " a/%�! #�% �"\:YW58E8;	A 88�[L]¥��:a 4hUW58Y]L§587 6 z�58?B?«a

� #%�e��03���O��S=� E � #%�5
_��7 � ~[���8�H�^�"ad�gGHL�;q58D:58Y]QSRfeH;qª0GH7^QS;�4658=F?BGlL�;<QFU:GgD]A�OoGH=��65�s8;	AFR@587
RB7]Oo;	=_;	7:9<;8a*	 ! a ! # ��! #�% � #�� � �@� #�%�#����;J��$\8� 88�^¥ML/� 8g�;8ga
��� #%��"�:;��" 
103?_��� �-E �!��WYZM��
�?@�A�!� � � ~I�8�8�H�^�"a ªIGgD:;§�_C:L�Y:RB7:E Y:=FGHYNGHAF58?@AJRB7�ªq4�ª�4�a
	 %Ia �:� #��ea���#�a � � � c/"$�ea�� ���G	 ! a !�# ��! #�% �>~±QSG`58Y:YN;�58=S�"a

%]�



U 
1��03��Z����8�&FA� ~��8�H�H�H5H�"a|z�s|D:=F5uL�9	L�9�jP;	M!A_RBQF;8aKbl;<M&�gRBQF;8a �������������
	�	�	��
	 	 ������� � ��� ����������� a
U 
1��03��Z����8�3FA� ~I�8�8�H�8M ��a������N` ��"$�!a�������"$�����" � c >:� ��"�� � � a � a�> ! # � ��� a "�� ���  "�
a #�� � ����!.�
 (a " � � � ��!������ ����" ��� %�#�����! � � � a �3>:� #���H"�$" ��� ��c � ! #��.� ��� a�� � # ��!�"$# � c/!�#���� �"a � U � QSU:;<AFR@A<\  7:RBe8;	=_AFRBQks
G8O�bl58AFU:RB7:E8QFGH7$a

U 
1��03��Z�� �8��FA� ~I�8�H�g�¬�"a
z�s|D:=F5]¯4���F5�ei5J?@RBM:=S58=[sXOoGH=�L`58=F³iG�e�9VUW58RB7¨L`GH7^QF;!9�58=_?@G:a � ;	9VU:7]R@9�5i?
��;	YNGH=_Q %8�8�:\ ��;<Y:=_QFL`;<7KQ�GiO3�|QS5iQSRBA_QSRB9	A<\  7]RBeH;<=FA_RBQksXG8O�bt5iAFU:RB7:E8QSG87$a

! " 13�J�&%(��%$#�*����`1��&% '
(*)
+,+.- J
�Ha � �0/ 	1 �kRB=F=F;<D:C:9<R@M:?B;
� U:;2QF=S587:A_RBQFR@GH7J³i;	=F7];	?32 OoGH=6QSU];p©u£�4dOo=FGHL¦5&YNGHRB7KQ�A0QSG�5&AF;<Q54�RBA

2`~JA � 4��;:76�8:9 1 ~JA �<; ��=h~JA �<; �?>�~A@ ; � �
587]DIQFU:;>7/�kA[QS;	YXQS=F587:A_RBQSRBGH7J³8;<=F7:;<?�R@A�D:; *W7:;	D0=F;<9	C:=_AFRBe8;	?fsXMKs

2 R ~BA � 42��:B6C2`~JA � @ ; ��2 � R�S � 	 ~ ;8� 4��
OoGH= CED �Xj�U:;<=F;F2`~JA � @ ; ��R@A>QSU:;`Y:=FG8MW58M:RB?@RBQks�G8O�L�G¬e|RB7:E0QFG�5qA_L§58?B?�L`;	58AFC]=S58M:?B;`A_C:M:A_;<Q@ ;HGBI EHRBe8;	7XQSUW5iQ�QFU:;>L`G�e8;
A[QV58=[QSA�5iQ�A�a
b�;>7:;	;<DIQFG`A_U:G�j�QSU:5iQ�OoGH=�58?@?8AKJMLON�P�Q�5i7:DR4 G LON�P�Q¨QFU:;	=_;
RBA�5!e85i?@C:;2G8O C OoGH=6j�U:RB9VU

2 R ~BA � 42� � �TOoG8=6j�U:;	7:;"eH;<= � 1 ~ 4�� � �]a ~ �^�

��RB=FA[Q�\:7:GiQS;�QSU:5iQ�QSU:;>9	G87:D:RBQFR@GH7]A6GH7TS ��U EHCW58=F587^QS;<;>QFUW5iQ

9�V^~AW � 
 	 E 	 �X/ 	 ��: QY 
$>?�[Z N�\ W � 
 	 E 	 � ]�	 � S � U7^
� � OoGH=�58?@?,W � 
 	 JML N 587]D 	 �0/ 	 JML N�P�Q a

~�88�

% �



4hGH7]AF; � C:;<7^QS?Bs8\
=6~ 	 � 
 	 � W � 
 	 E 	 � S 
 	 ��:cL`RB7 � � � 7 ~ W � 
 	 � 9�V^~ W � 
 	 2 	 � 
 	� E 	 � S 
 	� �7 ~ 	 � 
 	 � 9�V^~ 	 � 
 	� 2 W � 
 	 E 	 � S 
 	� ��� � � ~��H�

j�U:;<7:;<e8;	= 7 ~AW � 
 	 ��� � ~AW � 
 	 � � �ga
xy;<QT2`~ 	�� 
 	�� W � 
 	 E 	��0/ 	 �XMN;�QSU:;¨QS=F587:A_RBQSRBGH7c³8;<=F7:;<?pOoGH=I5 AFR@7]EH?@;¨A_QF;	Y(G8O,QFU:;l©u£�4 j�U]R@9VU
C:YNDW5iQF;	A�9	GHL�YNGH7:;	7^Q���9	GH7:D]RBQSRBGH7W58?nQSU:;>AF;"Q�GiOr9	C]=F=F;<7^Q�A_QS5iQS;<A	a�bcRBQSU]GHC]Q�?@GHA_A�G8OrEH;<7:;	=F58?@RfQksH\
58A_AFC:L�;0QFUW5iQ�QSU:;0Yn;<=FL!CgQV5iQFR@GH7 D:;+*:7:R@7:E�QSU:;0GH=FD];	=�G8O29	G8L`YNGH7:;<7KQ`C:YNDW5iQF;	A§RBA0� � � � ��� �	� a
©�G¬j>\:QFU:;2QS=F587:AFRfQSRBGH7JY:=FG8MW58M:RB?@RBQks�OoGH=�GH7];
9<GHL�Y:?@;"QS;�A_9�5870G8O�QFU:; � 9	G8L`YNGH7:;<7KQ�A[QV5iQF;	A�R@A

2 Q ~ 	 �0/ 	 � W �0/ 	 � : Q= 
$>?� 2§~ 	 � 
 	 � W � 
 	 E ~AW � ��

�
� 
 S � 	 ��	 � 
�

�
�

 Q 	 �F� ~«¥8�

: Q= 
$>?��� 9 VH~AW � 
 	 E ~ W � ��

�
� 
 S � 	 ��	 � 
�

�
�

 Q 	 �F��� ~�¡H�

=6~ 	 � 
 	 � W � 
 	 E ~AW � ��

�
� 
 S � 	 ��	 � 
�

�
�

 Q 	 �_��� ~��H�

� � OoG8=�58?@? 	 �X/ 	 � W �X/ 	 JKL N�P�Q j�U:;	7:;"eH;<= � 1 ~ 	 �X/ 	 � � � ~[���^�

M^s ~�8H��587:D ~ �^�"a,�gRB7:9	;!QFU:R@A�U]GH?@D:A�OoG8=2587^sMW �X/ 	 J 4 G L N�P�Q QSU];&©�£�4�R@A�R@=F=_;	D:C]9	R@M]?@;pOoG8=� 1 a�ga�zu58=F=_R@A�=F;<9	C:=_=F;<7KQ
4hUW5i7 6°�2;<s8;	=0~[���H�8�K�,EHRfeH;XAFC #`9<R@;<7KQ`9	G87:D:RBQFR@GH7]A!OoGH=&587 R@=_=F;	D]C:9	RBM:?@;�ei58=_RZ58M:?B; �k5iQ��k5�� QFR@L�;
ª0;"QS=_GHYnG8?@R@A � zu58A_QFR@7:EHAhAS58L�Y:?@;<=hQSG&MN;
z�58=_=FR@A�=_;	9<C:=F=_;	7^Q�¯����� +�) ��� J � � a "$#�a ��� ��� a ! � a �.!�#�� � � ��! " �5>�� � # ��� (�a���! #���H��!a�� H/��"$#�!��/� �����:N 
 #�!�� > " �5>���� a��
� # ��! "$# � c ! #���� � !��
a !�a " ��a ����� � c !.��� � % ����!�#��&c�� c �G
 #�!A� " � � >�� %�! !.� 	 � ��� �IH c �3� �Ia�� c " �3# ��(�a "$"$# �
" � % c/"�" ����! # � a���� ��� !A��� % ���:� #�!�#����ea�� � a �3>:� ��" ��� #���%�� c�� #���H7!�����c/��% ���:� #�!�#����ea�� � a �3>:� ��"�
 �/#�%5�
% ���:� #�! #���� � ��� !A���,���3> ! � ����!5��� � a "$#�a ��� � �! :#"%$ a " � #�"$" �@� c�%�# ��� � ����"�a ��� � a�� c�� � ��� !����&=� �@� � a "$#�a ��� � �('

%Y%



� U:;0;	A_AF;	7]9	;¨G8O�QFU:;�4hUW5i7/�[�2;<s8;	=§9<GH7:D:RfQSRBGH7�RBA�QFUW5iQ�QSU:;0AS58L�Y:?@;<=`RBA§zu58=F=_R@A�=F;<9	C:=_=F;	7^QJRfO
C:YNDW5iQF;	A�GH7X587^sJA_C:M:A_;<QuG8O�QSU:;29<GHL`YNGH7:;<7^QSA  : � � �9� ��� � �
V��K\]9	GH7:D]RBQSRBGH7W58?NGH7JQSU];2=F;	L`58RB7:R@7:E
9<GHL`YNGH7:;<7^QSA  S : � �
V �?�9� � � � � Q �K\¤58=_;,RB=F=F;<D:C:9<R@M:?B;>OoG8=�587^s *]²g;	D�ei58?BC:;	AuG8OrQSU];,9	G8L`YNGH7:;<7KQFA S a��g;<;!4hU:587 6 �>;"sH;<=!~ ���H�8�K�3OoGH=6QSU:;>Y:=_GgGiO a

�WGH=�QSU:;2©u£�4�\]QFU:;>4hUW5iR@7/� �>;"sH;	=h9	GH7:D]RBQSRBGH7§RBAh;	58AFRB?Bs�eH;	=_R *W;<D$a�4hGH7:A_R@D:;<=6QSU:;�� �kA[QS;	Y�QF=S587]AFR��
QFR@GH7J³i;	=F7];	?�OoGH=6QSU:;>9<GH7:D:RfQSR@G87W58?¤AF58L�Y:?@;<=hj�RBQFU � ���X9<GHL`YNGH7:;<7^QSA�U:;	?BD *]²g;	D$¯

2 V ~ 	 ��� 	 � W ��� 	 E 	 ���
	 	 �M: V= 
$>?� 2`~ 	 � 
 	 � W � 
 	 E ~ W � ��

�
� 
 S � 	 ��	 � 
�

�
�

 V 	 � ��	 � S � 	 �
: V= 
$>?� 2`~ 	 � 
 	 � W � 
 	 E ~ W � ��

�
� 
 S � 	 ��	 � 
�

�
�

 Q 	 �F�
: V= 
$>?� � 9 VH~AW � 
 	 E ~ W � ��

�
� 
 S � 	 ��	 � 
�

�
�

 Q 	 �F���

=6~ 	 � 
 	 � W � 
 	 E ~AW � ��

�
� 
 S � 	 ��	 � 
�

�
�

 Q 	 �_� �
� � OoGH=�58?B? 	 ��� 	 � W ���
	 JKL N�P V 587:D 	 � S � 	 JML N P�Q S V

j�U:;<7:;<e8;	= � 1 ~ 	 �0/ 	 � � �ga
4hGH7]AF; � C:;<7^QS?Bs8\ ;�589VUIG8O�QSU:;>9<GH7:D:RfQSR@G87W58?NAS58L�Y:?@;<=FA6RBA�R@=_=F;	D]C:9	RBM:?@;i\gQSU];2=F; � C:RB=F;<L`;<7KQFA�G8O�QSU:;9�
GH=_;	L %!58=_;�L�;<Q�\g587:D�QFU:;2©u£�4.R@Ahz�58=_=FR@A�=F;<9	C:=_=F;<7KQ	aP�gR@7:9<;�QSU];�9VUW58RB7�UW58A6RB7^e85i=FRZ5i7KQPD:RBA_QS=_R��
M:CgQSR@G87 � 1 M^sq9<GH7:A[QS=FC]9<QSRBGH7$\¤QFU:;,9<GH7:D:RfQSRBGH7:A�QSG � RB;	=F7];<st~[���H�8�^� � U:;<GH=F;<L �]a �§5i7:D��:a %�58=_;
L�;<Q	a24hGH7:A_; � C:;<7KQF?Bs8\$QSU:;T©u£�4�UW5iA � 1 58A�RfQSAuC:7:R � C:;,R@7^ei58=FR@587^QuD]R@A_QF=FRBM:C]QSRBGH7$\NRBQu9	GH7^e8;	=FE8;	A
QFG�QSU:RBA�D:R@A[QS=_R@M:C]QFR@GH7¤\$587:D¨AF58L`Y]?@;!YW5�QSU¨5�eH;<=S58EH;<A>9	GHL�Y:C]QF;	D¨C:AFRB7:EI©�£�4 9<GH7^eH;	=_EH;TQSGJQSU];
QF=FC:;>;"²gYN;	9"QV5iQFR@GH7XC:7:D];	= � 1 a%]a �uYn;<=FR@G|D:RB9
��;	9	58?@?NQSUW5iQ�5i7�� �k9<s|9<?@;�OoGH=�587JRB=F=_;	D:C:9<R@M:?B;�9VUW58RB7�j�RBQFUXQF=S587]AFRBQFR@GH7§³8;	=_7:;	? 2®R@A�5!9<GH?@?B;	9<QFR@GH7
��
�� � 
 � � ����� � 
�� S � �pG8O�D:R@A±�_GHR@7^Q�A_;<QSA�AFC]9VU0QSU:5iQ

2`~JA � 
 ] � : �2OoGH=�� : � � � L`G|D�� 587:DXOoGH=�58?B??AMJ 
 
 a
%8�



��; *W7:;�QSU];2AFC:Y:YNGH=[Q I G8O � 1 58A I : � AKJKL5N�P�Q¨¯ � 1 ~JAn� � � �KarbcRfQSU:G8C]Q�?@G8AFA6G8O�EH;<7:;	=F58?@RfQksH\
jP;>9�587058AFA_C:L�;>QFUW5iQ 
 
3G I OoGH= �H:�� � � ��� � � �.�Ha3©�G�j>\NRfO�587 � � 9<s|9	?B;>R@A�Y:=_;	AF;<7^Q�\WQSU:;<7

2 � ~BA � 
 V��;: �2OoGH= � : � � � L`G|D�� 587]DXOoG8=�58?@?PATJ 
 
 a
4hGH7]AFR@D];	= � : � a
bl;TU:5�e8;`Y]=F;<e|RBGHC:AF?fsqA_U:G�j�7�QFUW5iQ 2*Q�~JA � 42� � �§OoGH=�58?@? A J LON�P�Q 5i7:D4 J I aJ4hG87:AF; � C];	7^QS?fs 2*Qr~BA � 
 V�� : �2OoGH=�58?@? 	 J 
 
 9	587�G87:?Bs�U]GH?@D�RBO � : ��AFGIQSUW5�Q

�� : 
 V : I a��gRB7:9	;2QFU:;>?Z58=_EH;	A[Q�9<s|9	?B;
?B;	7:EiQSUXR@A2�H\gQSU:;
©�£�4(R@A�5iYn;<=FR@G|D:RB98a

% 8


